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This is not a pretty pic- 
ture, but it shows the 
two major enemies that 
locomotive piping must 
withstand — corrosion and 
vibration. Impac' 
Inside are steam or air all-we' 
under pressure; outside, 
sulphurous gases, soot and 
cinders—unavoidable con- 
ditions that cost mainte- 
nance dollars. 
Toncan* Iron Pipe gives . 
prolonged service life be- 
cause it is highly resist- 
ant to the particular type 
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service. It withstands vi- that 


bration more successfully pacity 
than ordinary steel. Just 
Republic also manufac- due t 
2 aehigane dict i: 
tures carbon steel pipe and nc: 
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economical service. sacrif 
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Impact test, with A.A.R. standard box car about to strike Pullman-Standard 
all-welded alloy-steel car P.L.M. 500—Car speed recorded by movie camera 


Dynamic Stresses in 


FreightCar Design 


Ir was been the feeling of the Pullman-Standard Car 
Manufacturing Company for a considerable period 
that the ratio of car light weight to revenue lading ca- 
pacity isan important economic transportation factor. 
Just what the savings are or will be a year per car, 
due to saving a pound in tare weight, we cannot pre- 
dict in dollars and cents, except in specific cases. That 
there is a saving is admitted by all, but we return to the 
basic query, what does it cost to haul a ton a mile?, and 
the answer can be given only in specific cases. It is 
apparent that very small savings in car light weight 
would not be especially attractive, but if these savings 


were of some magnitude and could be obtained without 
sacrifice of car life and strength, and without any con- 
siderable increase in cost, the savings would be at- 


tractive in reducing operating costs by reducing train- 
miles for a given volume of traffic. 

Formerly, the sizes of stress members in car structures 
were calculated by formulae, which assured cars of ample 
strength to meet service requirements, but we didn’t 
know the detailed stresses throughout the structure and 
the «xact ratio of static to live-load stresses at any one 
point. The above live-load stresses are the ones produced 
by car body and lading, due to track variation and de- 
lects. We had considerable experience in procuring 
static load stresses by means of extensometers which are 
calibrated to indicate stresses at any point in pounds 


— 


Cs Research engineer, Pullman-Standard Car Manufacturing Company, 
icago. 
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By W. H. Mussey* 


Abstract of a Western Railway 
Club paper showing that much 
of the guesswork can be taken 
out of car design 


per sq. in. But these instruments are of the indicating 
type and will not truly indicate live load or vertical im- 


‘pact, they merely show static stresses. 


By taking stress readings at increments of the static 
load up to full load, we established a static stress trend 
line. Using a deflectometer. (designed and built by us) 
under the same conditions at the same positions, we 
obtain deflections corresponding to the extensometer 
readings, and these deflections are plotted to establish a 
static deflection trend. The deflectometers are mounted 
on a framework supported only at the body bolster posi- 
tion at the sidesill, thus insuring deflections being re- 
ferred to fixed positions. Two wedge-type blocks are 
placed one on each rail, one being approximately 18 in. 
forward of the other. The two wedges are of the same 
height and are used in increments up to 2% in. in height 
at the peak or drop-off point. The car is pulled slowly 
over these wedges, and, at the top, there is an abrupt 
drop to the rail. The action approximates passing over 
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Special frame used in checking the car structure, after impact tests, 
to detect permanent set in any of its members 


rail joints at high speed. The deflections obtained under 
this test are plotted as an extension of the deflection 


and the stresses are within the yield points of the ma- 
terials, the stresses are proportional to deflections and 
the stress graph is extended on that basis to cover live- 
load stresses. It might be said that the frame support- 
ing the deflectometers is subject to some deflection, due 
to its inertia when dropping off the wedge blocks. These 
frame deflections are all recorded and correction curves 
established which are used as deducts to insure proper 
deflection readings. We established a 2%4-in. wedge 
height as the maximum necessary for testing purposes 
by a rather unique method, observing the maximum dis- 
tortion of framing members in various types of cars. We 
loaded the cars to journal capacity and increased the 
height of track wedges to a point that dropping of the 
car structure from that height at least duplicated the 
distortion observed. 
One of the illustrations shows the deflectometer and 
extensometer applications on a car ready for testing. 
The readings recorded by the deflectometer pencil are 
approximately eight times the actual deflection. Each 
small division on the extensometer is approximately 
1,000 Ib. per sq in. for a material having a modulus of 
elasticity of 29,400,000, which corresponds to low-carbon 
normal steel. These instruments are always calibrated 














































































graph. If there has been no distortion of the structure previous to making tests. Data are developed and curves 
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Typical comparative deflection and stress curves showing superiority of the A. A. R. standard center sill—Peak stresses still further reduced 
in car P. L. M. 500 design 
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drawn for the maximum static and live-load stresses and 
deflections. 

A study of deflections and stresses in the P. L. M. 
welded Cor-Ten steel box car, designed and built in 
1935 by the Pullman-Standard Car Manufacturing Com- 
pany, indicates, first, the low magnitude of the stresses ; 
second, lack of concentrated or peak stress and uniform 
smoothness of deflection and stress curves; third, the 
relatively small increase of live over static load deflections 
and stresses. 

In comparing the A. A. R. standard box car and the 
light-weight welded box car, P. L. M. No. 500, the 
stress curves of the latter car are reduced in proportion 
to the yield strength of the two kinds of steel used 
E. I. 3 to 5. It is apparent from the foregoing that the 
investigation of stresses and deflections of load carrying 
is of such completeness as to thoroughly develop full data 
and a comprehensive check for all vertical loading, both 
static and. live load. 

Further investigations cover the behavior of the car 
structure under car or train impact conditions, the car 
tested being the struck car, as it is subjected to a con- 
siderably greater blow than the striking car. 


How Impact Tests Were Made 


In the test illustrated, the P. L. M. welded box car 
No. 500 was the struck car and N. Y. C. car No. 100,000 
standard A. A. R. riveted car was the striking car. 

Various spots, about 400 in number for each car, were 
located as measurement points for ascertaining the static 
deflection or distortion from light car to full capacity load, 
and again measurements after each series of impacts, 
and finally observation of structure stabilization or per- 
manent set with load removed at desired intervals after 
final runs. The spots cover all positions required to 
give full data for drawing curves for all essential parts 
of the car body. 

One of the illustrations shows bags loaded in a car, 
each bag weighing 100 Ib. and being filled with a mixture 
of sand and sawdust, so that with cars loaded to load- 
carrying capacity, the height of the load in the car is suffi- 
cient to give a severe operating conditioi. The same 
method of loading was followed out in connection with 
extensometer and deflectometer tests for vertical load 
action. 

Two sets of tests were made: first, a fully loaded mov- 
ing car striking a single fully loaded test car at rest at 
speed increments increasing at the rate of about one mile 
an hour up to about a 16 m.p.h. speed; second, a fully 
loaded moving car striking a half loaded test car at rest 
at the head of a string of five or six empty cars. 

The two types of impact tests cover all service con- 
ditions. The first described has always proved the more 
severe. Speeds have been used in some of these tests 
as high as 18 m.p.h. in connection with impacts between 
striking car and struck car. The testing procedure fol- 
lows: Relatively straight, level trackage is selected, of 
sufficient length to permit the struck car rolling to a 
stop. 

The struck car is placed at a marked spot on the rail, 
0 that the travel to stop can be accurately measured for 
both striking and struck car. 

Coupler knuckles are held open so that movements of 
he striking and the struck car are independent. Speed 
atthe time of impact is accurately checked for each test 
tun. Coupler or draft-gear movement for each car is 
taken from the chart. The movement shown on the 
impact-registering instrument on each car is recorded. 
Truck springs are checked to ascertain the force acting 
% these springs for all trucks. The distance each car 
moved from the point of impact is measured. All de- 
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Car P.L.M. 500 equipped with extensometers and deflectometers, the 
latter being supported on a light but rigid metal frame 


fects are recorded in detail. On the average, three or 
four test runs constitute a group, and each group approx- 
imates a speed increase of three to four miles per hour. 

After each group of runs, the cars are minutely exam- 
ined for defects and any conditions brought about by the 
group of tests. They are then placed in the measuring 
frame and the complete set of measurements taken. 
These are recorded and afterward drawn up in chart 
form for each group of tests. A contour sketch is made 
showing shifting and lading. 

If deemed advisable, the load is removed and measure- 
ments made, as a check against the original condition. 
Otherwise, the load is leveled off to the original con- 
dition and the next group of test runs is carried out. 

The impact test might almost be called a destructive 
test. The speeds obtained are far above those which oc- 
cur in service. The shifting of lading and its wedging 
action is cumulative, beyond a point of which we have 
any knowledge as occurring in operation. Maybe the 
test is too severe when compared to everyday service. 
Anyone can surmise the effect on car lading subjected to 
these test conditions.. However, the data obtained is in- 
valuable as a check on the structure and as information 
for the car designer and builder. 


**Where Do We Go From Here’”’ 


Naturally, the question is, where do you go from here? 
Car structure essentials are thus brought to the attention 
of the car designer and builder. He knows which stress 
members of the structure may be reduced in section or, 


in rare cases, which may be increased. He knows the 


allowance that must be made for live or dynamic load 
over static load for each member, as the ratio is not con- 
stant for all parts of the car. 

With the usual materials of car construction he knows 
the value of a pound at any particular point in the struc- 
ture and how light a structure can be safely built. With 
(Continued on page 122) 
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The streamlining and decoration of 
the front end of the Southern Pacific 
locomotives is simple and effective. 
The smokebox front is aluminum and 
the pilot orange with aluminum bands 
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Southern Pacific 4-8-4 type passenger locomotive streamlined and finished to conform to the train 


Streamline 


Steam Passenger Locomotives 


Tue Lima Locomotive Works, Inc., has delivered six 
streamline passenger locomotives of the 4-8-4 type to the 
Southern Pacific for use on the new Daylight train serv- 
ice between Los Angeles and San Francisco to be in- 
augurated during the coming spring. The locomotives 
develop 74,710 lb. tractive force, including the trailer 
booster. The weight on drivers is 266,500 Ib., the 
cylinders are 27 in. by 30 in., the driving wheels 73% 
in. in diameter, and the boiler pressure 250 Ib. per sq. 
in. 

These locomotives have been streamlined by enclosing 
the sandbox, dome and other equipment mounted on the 
top of the boiler within a smooth casing, and by applying 
deep aprons below the outside edges of the running 
boards, which join the metal-covered pilot in long 
sweeping curves. The headlight is enclosed within a 
casing which is faired into the smokebox door and 
through the sides of which are openings for the illumi- 
nate’ engine numbers. 

A striking color effect has also been achieved by the 
extensive use of red and orange on the sides of the 
locomotive and tender. The smokebox front is painted 
aluminum and the train-number indicators are aluminum 
with black stripes. The streamline hood of the pilot is 
in Orange with aluminum bands. The name of the train 
is lettered in aluminum on the orange of the apron below 
the running board on each side. The emblem associated 
with the lettering is in red, outlined in black. The 
marker lamps are in aluminum. The cylinders are fin- 
ished in black, and the guides, the main and side rods 
and the motion work are steel with a highly polished 
finish. The tires and wheel rims on all wheels are 


Painted in aluminum, with steps and grab handles cad- 


Railway 


WARCH Seyi Engineer 


Southern Pacific light-weight 
trains, working over a severe 
profile on accelerated sched- 
ules, call for high traction and 
fast running. The Lima-built 
locomotives are designed for 
this specific service 


mium plated. The red on the sides of the boiler above 
the running board and on the sides of the tender, sep- 
arated by the band of orange, will match the same color 
on the sides of the coaches and the yellow panel will 
line up with the window panel of the coaches. 


The Boiler 


The boiler has an outside diameter of 86 in. at the 
first ring. It is designed to carry 250 lb. pressure and is 
built of carbon steel of basic flange quality. The fire- 
box is equipped for oil burning and the combustion space 
includes a chamber extending 60 in. into the boiler barrel. 
Welding is employed at the ends of the longitudinal 
seams in the barrel courses, and the firebox sheets are 
seal welded to the mud ring 12 in. each way from the 
corners. Calking edges of the back firebox are lightly 
welded to the crown sheet after calking. The staybolts 
are of Ulster iron with an installation of Flannery tell- 
tale type flexible bolts at the usual corner breaking zones 
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Cross-sections and elevation of the Southern Pacific locomotive 





and also completely around the combustion chamber. 

The firebox is equipped with an installation of fusible 
plugs of the type developed on the Southern Pacific. 
There are three plugs along the top center line, one be- 
tween the first and second rows of the crown stays, one 
between the seventh and eighth, and one between the 
fifteenth and sixteenth rows. Two laterally spaced plugs 
are located between the eleventh and twelfth rows. 

The boiler is equipped with a type E. superheater 
with a ‘Tangential steam dryer in the dome. An Ameri- 
can multiple front-end throttle is built in the superheater 
header. The feedwater heater is the Worthington type 
she The boiler is also equipped with the Signal Foam- 
Meter. 

The foundation for these locomotives is a steel bed 





General Dimensions, Weights and Proportions of the 
Southern Pacific 4-8-4 Type Locomotives 
Railroad 
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EXBAUSE Clearance, WA. s.cc0 sdassecs ic Sbcace 3/16 
FR SOS 5 oresbes« YY 
Boiler: ‘ 
MMOD 5 0'e bly 6:56 Asia navn Sis aie wae $6 06'0'e 0.0 0010 i 
Steam pressure, Ib. per sq. im. .........0.e00 — 
Diameter, first ring, outside, in. .........0.. 86 
Diameter, largest, outside, in. ..........0.2. 96 
Pirepom length, 18.5. scscses. Se eee 127% 
Firebox width, in. ©. .<.0:.%0: $2 8Ces renee cas 102% 
Combustion chamber length, in. ........ vik ines 60 . 
lubes, number and diameter, in. ............ 49—2Y 
Flues, number and diameter, in. ............. 198—3%7 
Length over tube sheets, ft. and in. ......... 21-6 . 
LL ee OPE ee eee eT ee ee eee Oil 
Grate area, sq. ft. ..... paeeheh ceed teh eee , 90.4 
Heating surfaces, sq. ft.: , 
go ae ree 350 
Tubes and flues .....0.... 4,502 
Evaporative, total ......... 4852 
CREME | 7s .«'s.0 00 So 5,0 ak Ble ae wis Dae "086 
Comb. evap. and superheat 6,938 
Seats ater heater, type ........ bopekenes sees Worthington 
D5 gts tiasee ane a eed cane ee obs ciedinn 
Water canantty,. gals: 90 <uiis5s se o3556hease ee 
Fuel Saonetr. GO. 2264 cacnade canes ceva eon : 

A see eee eee ES tbe ee ey ae aie 

Journals, dia. and length, im. ...........cees “= 
General data, estimated: 
Rated tractive force, engine, 83 per cent boiler 
pressure, See oink sia ina eae keke ee 62,200 
Rated tractive force, booster ........ iostanes aaa 
i Total ‘rated. tractive force 2... \iccséie'awee dase 74,710 
Weig! t proportions: d 
Weight on drivers +- weight engine, per cent.. 59.2 
Weight on drivers + tractive force.......... 4.28 
Weight of engine + comb. heating surface.... 64.63 
Boiler proportions: 
Firebox heat. surface, per cent evap. heat. 

SIPEMOE «665 5 cicpie'wieaeaiede s omaain eich meales 7.21 
Tube-flue heat. surface, per cent comb. heat. 
iS SINR = hd nits plaice sion 3 dae chiens bees 64.9 
Superheat. surface, per cent evap. heat. sur- 

A See eine epee dhe opincee.cass0é 30.07 
Firebox heat. surface +- grate area ......00.. 3.87 
Tube-flue heat. surface +- grate area......... 49.8 
Superheat. surface +- grate area......... bees 23.08 
Comb, heat. surface -- grate area........e.-- 76.75 
Tractive force, engine + grate area..... a Se 688.05 
Tractive force, engine -+ comb. heat. surface. . 8.97 
Tractive force, engine x dia. drivers + comb. 

ne@t, strfare. isk see ceed jubivios Sues tars 658.94 


Ralilw 
WARGH, eeegotent Engineer 









casting with which the cylinders are cast integral. The 
firebox is suported, both front and back, by expansion 


sheets. These, are attached to bolting flanges which 
extend practically across the entire length of the front 
and back mud-ring members and are supported from 
ample bolting flanges on the bed casting both inside and 
outside of the side-frame parts of the casting. 

The engine and trailer trucks are also General Steel 
Castings design, the former with inside bearings and the 
latter of the four-wheel Delta type. The trucks are all 
fitted with oil-packed journal boxes. The driving wheels 
are cast steel of the Boxpok type. All driving axles, as 
well as the engine-truck and trailer axles, are of medium 
carbon steel normalized and drawn. 

The cylinders are fitted with two-stage bushings which, 
like the valve bushings, are of Hunt-Spiller gun iron. 
The valve bull rings are also of this material and are 
fitted with Hunt-Spiller duplex sectional packing rings. 
The pistons are of cast steel, without separate bull rings, 
and are fitted with the Locomotive Finished Material 
Company’s bronze packing rings. Paxton-Mitchell pack- 
ing is applied to the valve stems and piston rods. 

All rods and motion work are finished with a high 
polish, free from surface marks, in accordance with the 





Partial List of Equipment and Materials on the Southern 
Pacific 4-8-4 Type Locomotives 


Engine bed castings; engine and ’ 
Crater QFUGND: 6.0.06:085:0h08:0005 General Steel Castings Corp., Eddystone, 


a. 
weeeeess. National Malleable & Steel Casting Co., 
Cleveland, Ohio 
Trucks and boxes for tender..... Buckeye Steel Castings Co., Columbus, 


Front drawhead castings 


Ohio 
SOVEEER 660 60000206 PEPE Pre American Locomotive Company, Railway 
Steel Spring Division, New York 
eRe MOLINO (i606 0.0010,00.00:40-0.0% Cardwell Westinghouse Co., Chicago 
WU ob kee otaews piste bie on Edgewater Steel Co., Pittsburgh, Pa. 
Driving wheels, Boxpok........-. General Steel Castings Corp., Eddystone, 
a. 
DN ik siden OSS awh Tobias a ense Standard Steel Works Co., Burnham, Pa. 
Spring washers ........-.- ie bce as a Lock Washer Co., Newark, 
IE 556 osh. 02 (hc basen 9 .000h Magnus Co., New York 
NS aaa Franklin Railway Supply Co., New York 
Unit safety drawbar...........+. Franklin Railway Supply Co., New York 
Hand brake and rear draft gear...W. H. Miner, Inc., Chicago 
Foundation brake ...........++++ American Steel Foundries, Chicago 
Bae TMD 5566.5 010 5 2:08 o.reinn:s 006 Warnes Air Brake Co., Wilmerd- 
ing, Pa. 
TEOSE” svaccsesscaeces hichawme tee ules City Rubber Co., Philadelphia, 
a. 
Brake shoes ..... Lsciwiatone saws American Brake Shoe & Foundry Co., 
ew York 
Power reverse gear........-+ +2 hae ~~ Co. Mow York 
. ukens Steel Co. oatesville, Pa. 
Boiler steel . seccecccccsscsee | Otis Steel Co., Cleveland, Ohio 
Boiler and cylinder jacket........American Rolling Mill Co., Middletown, 
Ohio 
Staybolt BON: & tcc nis eb ab see --Ulster Iron Works, Dover, N. J. 
GEREN i Gide cee th sieawesree Flannery Bolt Co., Bridgeville, Pa. 
200 nn Globe Steel Tubes Co., Milwaukee, Wis. 
Smokebox netting ........+++++- W. S. Tyler Company, Cleveland, Ohio 
Front-end hinges ........ eT r TT Okadee Commnen. hicago 
Feedwater heater ....... ceccccce es Pump and Machinery Corp., 
arrison, ‘ 
Superheater and Tangential dryer. Superheater Company, New York 
Steam-heat equipment ........-.. Vapor Car Heating Co., Inc., Chicago 
Steam-pipe casing, Reid.......... Lima_ Locomotive Works, Inc., Lima, 
10 
TRGUIREGR © occ bins tos'sns cere vices Johns-Manville Sales Corp., New York 
Gages .ececeeccceceesesccsesees Ashton Valve Co., Cambridge, Mass. 
Valves for superheated steam..... Walworth Company, New York 
Injector checks .........++- ++++-Nathan Mfg. Co., New York 
Bushings, Valve chamber......... Hunt-Spiller Mfg. Corp., Boston, Mass. 
Floating-bushing rod bearings..... Hunt-Spiller Mfg. Corp., Boston, Mass. 
Fusible plugs ........-.+++++++: Nathan Mfg. Co., New York 
Bronze piston packing rings....... Locomotive Finished Material Co., At- 


‘ - chison, Kan. 
Piston-rod and valve-stem packing. Paxton Mitchell Co., Omaha, Neb. 
Valve pull rings; Duplex sectional 


packing rings ......... ..+-+Hunt-Spiller Mfg. Corp., Boston, Mass. 
Grease cellars ........ +++e.++.+-Franklin Railway Supply Co., New York 
Force-feed and hydrostatic lubrica- 

Ge seri eal s 615. Sis eo dgi sin te Nathan Mfg. Co., New York 


Lubrication, Rod and motion work. Alemite Corp., Chicago 
Flexible joints on steam-heat, oil and 
oil-heater lines, McLaughlin. .Franklin Railway Supply Co., New York 


Multiple throttle ...........++- .-American Throttle Co., Inc., New York 

BORNE ons .c'n4:3-<-0% etiecsh Raid ae he Superheater omeene, New York 

Signal Foam-meter ...........-.. Electro. Chemical ngineering Corp., 

icago 

Headlight and generator.......... Pyle National Co., Chicago 

et FRR eC See etree Viloco Railway Equipment Co., Chicago 

Valve Pilot .......... pctimee eta Valve Pilot Corporation, New York | 

Bell ringers .........++++++eeee+ Transportation Devices Corp., Indian- 
apolis, Ind. 

Whistles, steam » Seas sae RAGA Consolidated Ashcroft-Hancock Co., Inc., 
Bridgeport, Conn. 
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practice of the builder. The back end of the main rod 
and the intermediate side-rod connections are fitted 
with floating bushings, having fixed bushings of Hunt- 
Spiller gun iron. The bearings on the front and back 
crank pins are fixed bushings. The locomotives are 
fitted with the Walschaert valve gear having a maximum 
travel of 714 in. They are equipped with the Alco re- 
verse gear and the Valve Pilot for cut-off control. In 
order to prevent hooking up to a cut-off of less than 25 
per cent the quadrant from this point to the center is 
blanked. The valve-motion parts are of medium steel 
like the running gear and crank pins, with the exception 
of the eccentric rod and radius bar which are of mild 
steel. 

The rods and valve motion have Alemite fittings in the 
grease cups. Driving boxes are fitted with Franklin 
grease-lubricated cellars, and the cellars on engine- 
and trailer-truck journals are waste packed for oil 
lubrication. The cylinders and valves are lubricated 
from a Nathan eight-feed force-feed lubricator, type 
DV4, of 20 pints capacity. In addition to the valve and 
cylinder feeds two feeds lead’ to each guide. A Nathan 
Model 1918 hydrostatic lubricator with three feeds is 
provided for the booster cylinders, the hot-water feed 
pump and the steam cylinders of the air compressors. 


Boiler Mountings 


There are two cab turrets. That for saturated steam 
is on the right side and supplies the injector, the hydro- 
static lubricator, the steam heat and the emergency con- 
nection for the reverse gear. On the left side is the 
superheated-steam turret from which steam is supplied 
to the feedwater pump, the air compressors, the booster, 
the oil-burner manifold, the Pyle-National turbo-gener- 
ator and the blower. 

Concealed within the cowling over the top of the 
boiler are the turrets and the headlight turbo-generator. 
The safety valves and the whistle, the latter disposed 
horizontally, are placed in wells, open at the top. The 
top of the dome cover is accessible through a hatch in the 
cowling and the sandbox occupies a rectangular space 
built into the cowling, which has a capacity for 2,000 Ib. 
of sand. The smoke lifter around the stack is com- 
pletely open at the front and top. 

In addition to the steam whistle the locomotives have 
Typhon air whistles which are mounted over the top and 
at the front of the smokebox. 

Unlike many recently built locomotives the two cross- 
compound air compressors on each of these engines are 
mounted on the left side of the boiler; partially con- 
cealed under the running-board apron. The bell is 
placed under the smokebox, to the bottom of which it is 
attached. 


The Tender 


The tender is of the rectangular type and is designed 
in cross-section to conform with the exterior of the 
coaches of the train. It is built up on a cast-steel water- 
bottom underframe. The tank has a capacity of 22,000 
gallons of water and carries 6,275 gallons of fuel oil. 
The tender is carried on Buckeye six-wheel trucks with 
7-in. by 14-in. journals. 

The schedule for the Daylight trains will be consider- 
ably accelerated over the present running time. The 
trains will operate over the Southern Pacific Coast Line 
via San Luis Obispo, a line which has a maximum 
grade of 2.2 per cent, with grades of 1 per cent over a 
large part of the run. The trains now being built will be 
of lightweight construction, with six of the coach body 
units articulated into three pairs and the remaining six 
cars each an independent vehicle. Exclusive of the 
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locomotives, the train will weigh 1,187,500 Ib. and will be 
870 ft. long. It was the need to haul these trains at 
high speeds under the difficulties imposed by the line 
that led to the development of a locomotive possessing 
both high tractive force and the ability to make high 
speeds on level track. 

The general dimensions and weights are given in the 
table. 


Venetian Blinds 
For Passenger Cars 


The accompanying interior view of the lounge car on 
the “Mercury,” the New York Central streamlined steam 
train, illustrates the adaptation of Ventilighter Venetian 
blinds on railroad passenger cars. Rattling of these 
blinds at the high speeds attained by streamlined trains is 
prevented by design features which include channel- 
type side guides with a center rubber strip so devised 
that the slats are snubbed in all positions of angular ad- 
justment. The side channel guides in which the slats 
are raised and lowered are made of 16-gage alumi- 
num, and are secured with machine screws to the frame 
of the window. ‘The exposed faces of the guides are 
finished to match the interior trim of the car. 

This Ventilighter blind, which is manufactured by the 
Simon Ventilighter Company, Inc., New York, N. Y., 
is an assemblage of parallel %-in. by 134-in. cedar slats 
located on 1%%-in, centers, and pivotally suspended in 
114-in. cloth ladder tape fastened to a concealed over- 
head shaft of aluminum. This shaft has a diameter of 





Ventilighter Venetian Blinds on the Lounge Car of the “Mercury” 


¥% in. and is attached to the car frame by friction clamp- 
ing brackets of the brake-band type. By tilting the 
shaft, the tapes, and the slats suspended therefrom, any 
angular position of the slats is obtained. Tilting is ac- 
complished by means of tasselled pull cords, or by a 
knobbed lever: attached to the shaft. 

The blinds are operated by two controls, one for |ilt- 
ing the angle of the slats as previously described, «nd 
one for raising and lowering. The raising and lower- 
ing cords are designed to bring the vanes horizoi'tal, 
eliminating unnecessary friction in lifting the blind. By 
eliminating the conventional worm-gear tilt used with 
Venetian blinds, and using the friction brake principle 
previously referred to, the head construction of the 
Ventilighter is such that it raises clear of the inte ior 
frame of a double-sash window. This makes it possible 
to use hinged or removable interior sashes, which cai. be 
moved without disturbing the blind when cleaning t! cs¢ 
sashes. 
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Failures of 


Locomotive Par 





T ue two previous articles in this series have dealt with 
the failures of piston rods through the taper section 
which fits in the crosshead, or in the fillet between the 


shank of the rod and the tapper end. It is the purpose 
of this article to point out additional causes of failures in 
the taper section of the rod and to summarize the points 
brought out in the three articles. 

The finish of the keyway of a piston rod is of extreme 
importance. The edges of all keyways should be rounded 
off with suitable radii, in proportion to the size of the 
rod and the keyway. These edges must not be beveled 
or chiseled, but must have a polished, rounded finish, 
without nicks or breaks. A properly finished edge on a 
keyway is “a thing of beauty and a joy forever.” 

There are many ways in which a shopman can get a 
good finish, with a proper radius, quickly and at a reason- 
able cost when compared to having to provide a new 
piston rod every year or two. 

Another cause of failure is chargeable to the leaving of 
pock or punch marks, which were used in laying out the 
keyway. These should in all cases be removed and this, 
of course, can only be done by eliminating them in the 
process of cutting the keyway and rounding off the sharp 
edges, 

It is often the practice when making the keyway to 
drill three or more holes and then mill or chisel out the 
remaining metal. Any defect is, of course, hidden from 
sight when the piston rod is keyed to the crosshead. 
This in a way is unfortunate, since it is impossible to 
check up by inspection after the assembly is made. 

Occasionally the holes are drilled off center, halfway 
through the rod, and the hole is then completed by drill- 
ing from the opposite side. This leaves a ridge at the 
center of the keyway, which may start a fatigue crack and 
cause a failure. I do not know why it is that the drill, 
properly started, should run off to one side; unless pos- 
sibly it is because it has not been properly sharpened. 
This, also, will cause torn walls in the drilled hole, the 
effects of which may not be removed by the subsequent 
a and finishing process and may causc fatigue 
cracks, 

Radiographs which were made of the walls of piston- 
rod keyways showed change in the density of the steel 
along the axis of the drilled holes caused by the drilling 
of the holes, even though the metal had been milled out 
alter the drilling; in other words, the wall of the drilled 
hole was so torn and work-hardened that the metal was 
badly distorted and the effects were not entirely removed 
by the subsequent milling operation. 

Tool marks, tears, corrosion and other irregularities 
when associated with reverse stresses are almost sure to 
cause fatigue cracks and failure. Stress-corrosion natu- 
rally starts much more quickly with a rough surface than 
with a polished one. It is said that corrosion and tool 
marks, in conjunction with reverse stresses, will reduce 
the strength of a part by as much as 50 to 60 per cent. 
This is something for the designer to think about in 
making his calculations. 

Another difficulty is that the designer may not recog- 
n.ze the importance of indicating the small radii to desig- 
nate the rounding of the edges of the keyway, and quite 
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naturally, the mechanic will not feel called upon to round 
off these corners if the drawing does not so designate. 

Sometimes a keyway may be worn in service and the 
edges burred, especially near the ends, which with a little 
careful workmanship could be made as good as new. It 
may be placed back in the crosshead, however, without 
this work being done. The key may perhaps ride to one 
side and thus place an unnecessary strain upon that por- 
tion of the rod, and overstress a section which may lack 
the proper finish and be subject to the development of 
fatigue cracks. 

Instances have been known of keyways on which the 
oxy-acetylene torch was used to remove surplus metal. 
No one was the wiser until the rod failed and investiga- 
tion brought to light the fact that the torch had been used. 

Another detail which must not be overlooked is the 
construction of the key itself. It was the practice formerly 
to forge these keys to shape from pieces of old steel tires. 
This practice was changed by purchasing steel similar to 
tire steel but rolled into bars to nearly the required size. 
It is only necessary to shape them to the exact size and 
then heat treat the material, thus insuring high tensile 
strength and toughness. Complaints were made at one 
time that some keys were not standing up as they should. 
Investigation revealed the fact that the heat treatment 
had been emitted. The difficulty was promptly over- 
come when the shop forces understood the importance 
of dealing with the new material properly. 

With these introductory remarks as a background, 
illustrations will be shown of rods which were improperly 
finished and which failed. Fig. 1, for instance, is a rather 
extreme case, but shows a rod which was scrapped for 
defects. The keyway was off center, causing the key to 
bear on one side and displacing the metal at the end to 
such an extent that it could not fit the crosshead properly. 
Stresses were apparently concentrated just above the 
keyway and stress-corrosion cracks were started. While 
this was the primary cause of the failure, the sharp edges 
of the keyway and the punch marks were also potential 
sources of failure. 

A piston rod which failed through the taper fit, pri- 
marily because of the sharp edges of the keyway, is 
shown in Figs. 2 and 3. It will be noted, also, that the 
material was badly chafed or worn near the edges of the 
keyway. The point where the difficulty started, at one 
side of the keyway, is clearly indicated by the fatigue 
crack nucleus in Fig. 3. 

The piston rod shown in Fig. 4 was scrapped because 
of the crack X—X. Here again, the edges of the key- 
way were not rounded off and the chafed material indi- 
cates that the rod was not properly fitted in the cross- 
head. The fatigue.crack started from the edge of the 
drilled hole in the end of the keyway, the conditions 
apparently being complicated by the poor fit, which 
caused an abrasion or flow of surface metal. These poor 
fits have been largely overcome by using the plug-and- 
collar gages mentioned in the previous article, and thus 
standardizing the taper for the fit. It will be noted also 
from the photograph, that the edges of the keyway at 
the ends are badly burred. By working with the gages 
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Taper end of a piston rod which was scrapped because of the 
Ks noted. Fig. 2—Piston rod which broke through taper fit. 
that the material is badly chafed alongside the edges of the key- 
fig. 3—Fractured end of the piston rod shown in Fig. 2. The 
m crack started in the chafed section. Note that the hole in the 
tthe keyway was drilled off center. Fig. 4—Piston rod which 
“rapped because of the crack X—X. Fig. 5—Badly drilled hole 
end of a keyway of a piston rod which failed in service. Fig. 6 
view of the taper end of the piston rod, the fractured face of 
iS shown in Fig. 5. Fig. 7—Enlarged view of the surface 
“taper fit of a defective piston rod. Note the surface cracks in 
the area within the punch marks 
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Fig. 8—Cross section (enlarged) of the piston rod through section A-B, Fig 7. Note the cracks extending inward from the surface of the taper 

fit of the piston rod. Fig. 9—Fatigue cracks started from the rough surface on the taper fit of the piston rod. Fig. 10—Fractured end of the 

piston rod shown in Fig. 9, which failed in service. Fig. 11—Enlarged view of the surface of a piston rod which failed in the taper fit. Note 
the rough edges of the keyway and the corrosion, which is indicated by the dark areas. 


and to a standard taper, this condition has largely been 
done away with. 

An excellent example of the effects of badly drilled 
holes at the ends of keyways is shown in Figs. 5 and 6. 
It will be seen that the fatigue cracks, and there are 
many of them, all start from the walls of the drilled 
hole. The roughnesses or tears in the wall of the drilled 
hole do not appear quite as clearly as they should, be- 
cause in the endeavor to focus on the fatigue cracks, the 
wall at the end of the keyway was thrown a little out of 
focus. The band of rust or corrosion, in Fig. 6, is evi- 
dence of a poorly fitted rod, and this may have been a 
factor in concentrating excessive reverse stresses on the 
walls of the drilled hole, although the band of rust may 
have resulted because of the rod working after the fatigue 
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cracks were well under way. Obviously, where there is 
evidence of several sources of weakness, it is impossible 
to charge the complete responsibility to any one defect. 

Fig. 7 is a somewhat enlarged photograph of the sur- 
face of the taper fit of a piston rod. Within the area 
designated by the punch marks, will be noted a number 
of surface cracks, which may have been caused by abra- 
sion of the surface of the material, or stress-corrosion, or 
a combination of these two causes. This material was 
cut through the line A-B, and Fig. 8 is an enlarged view 
of this cross section. While the appearance of the cracks 
in the photographs might indicate that they were caused 
by stress-corrosion, yet the area is one in which such 
cracks are not usually found, and they may have been 
caused by the abrasion of the crosshead, because of the 
poor fit of the rod. A properly machined and fitted rod 
would have eliminated both of these causes. 

The abrasion or corrosion on a rod which failed, is 
clearly evident in Fig. 9. It will be noted from the cross 
section of this break that there were a-number of fatigue 
cracks, which started from the rough surface. The hole 
at the end of the keyway was also roughly drilled and 
might have caused the failure. It will be seen that the 
fillet between the shank of the rod and the tapered sec- 
tion is rough machined only. It is only fair to say that 
this is an unusual condition and such practice would not 
now be tolerated. The fractured end of this piston rod 
is shown in Fig. 10. 

An enlarged view of a part of a rod that was cracked 
is shown in Fig. 11. Here, again, it is difficult to indi- 
cate the exact cause of the failure. The edge of the key- 
way is rough and almost sharp. The taper fit of the rod 
was rough machined. One crack started at the edge of 
the keyway, while the other cracks are more or less in 
line with it on the rough machined surface. The photo- 
graph also indicates considerable corrosion due to the 
loose or improper fitting of the rod in the crosshead. The 
crack, however, is removed from the worst portion of 
the abraded surface, so that corrosion was probably not 
an important factor in this case in causing the cracks. 


Summary 


This article and the two which preceded it in the Janu- 
ary and February numbers of the Railway Mechanical 
Engineer, have illustrated broken rods, or defects which 
have required the scrapping of the rod. Outstanding 
failures in the tapered section of the piston rod are: 

Stress-corrosion cracks—These usually occur just in- 
side the crosshead fit on the rod, about % in. to % in. 
from the end of the keyway. The corrosion is caused by 


the steel rubbing under compression (frictional corro- 
sion). 
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Cracks starting from tool marks—These are due to 
grooves on the surface caused by improperly sharpened 
tools. 

Cracks starting from cold-worked surfaces—These are 
caused by using the wrong taper, allowing the rod to 
chafe in the crosshead fit. They are usually located 
around the keyway and just inside the crosshead. 

Cracks starting from sharp edges of the keyway— 
These usually occur between the center of the keyway 
and the end toward the larger diameter of the taper. 

Cracks starting from punch marks—These punch 
marks are used in laying out the keyway and occasionally 
are not removed by the machining operations. Such a 
crack occasionally starts from letters or numbers which 
are stamped on the taper fit at its large end. 

Cracks starting from roughly drilled holes—These 
cracks start in the walls of the drilled hole. 

Cracks starting from holes drilled off center—These 
are much the same as those for the roughly drilled hotes 
above mentioned. 

Cracks starting from roughly milled keyways—These, 
of course, are in the side walls of the keyway. 

Cracks starting from corrosion bands—The corrosion 
bands are caused by a poor fit or wrong taper of the 
piston rod in the crosshead. This may be due to pres- 
sure (frictional corrosion) or to atmospheric corrosion. 

All of the above-mentioned causes of failure may be 
largely eliminated by more careful workmanship. 


Recommendations 


Summing up the three articles on piston-rod failures, 
the following practices are commended: 

1—The taper fits of piston rods to the crossheads 
should be carefully and accurately made, with the aid 
of master plugs and master collars. 

2—The taper fits on piston rods should be finished 
free from all tool marks and scores. . . 

3—The edges of the keyways should be rounded with 
proper radii. 

4—The drilled holes used in making the keyway should 
be cut smooth; if not, they should be carefully reamed 
or milled in order to eliminate rough and torn surfaces. 

5—Punch marks around the edges of the keyways 
should be eliminated; obviously, this will automatically 
be done when the edges of the keyway are rounded off, 
unless an error is made and the keyway is wrongly lo- 
cated. 

6—Burrs at the ends of the keyways should not be 
tolerated. 

7—Undercuts of proper width and diameter should be 
made on the taper fit of the piston rods, between the edge 
of the crosshead and the keyway. A suggested method 
of doing this was illustrated in the article in the Railway 
Mechanical Engineer of January, 1937, page 19. A simi- 
lar practice in the application of guide-bar bolts is illus- 
trated in Fig. 12. The undercutting should be made from 
¥% in. to % in. wide and from .003 in. to .005 in. in 
depth. It should lie between the end of the keyway and 
the taper fit within the crosshead. This undercutting 
should have proper fillets at both ends and mus‘ be 
polished and free from scratches. If this band is rolled 
instead of undercut, care must be taken to free the sur- 
face from all tool marks and torn metal before the rciling 
is done. As indicated in the previous article, this under- 
cutting is done to prevent stress-corrosion cracks. 

These comments on undercutting apply also to «xles 
and practically all press fits where the surfaces under 
pressure are subject to reverse stresses. The autho» has 
known of shafts failing just inside the collar because of 
stress-corrosion. 

Remember that a perfect fit ts a lasting fit. 
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Diesel-Eleetriec Leecomotive 


Projected Repair 





Iw 1932 the Northampton & Bath, which operates be- 
tween Northampton, Pa., and Bath Junction, Pa., over 
a rolling profile with a maximum grade 1.8 per cent 
for approximately 2,500 ft. and an equivalent grade of 
about 1 per cent against heavy traffic, decided to use only 
Diesel-electric locomotives. This decision was based up- 
on performance of Diesel-electric equipment as guaran- 
teed by the manufacturers, and the evident economies of 
operation derived through a comprehensive study by 
the road’s engineering department of available data. 

In determining operating costs of Diesel-electric mo- 
tive power it was decided to break them down into six 
major expenses, viz., wages, fuel, lubrication, supplies, 
enginehouse expense and repairs. Of these, all may be 
more or less readily determined from actual records, 
with the exception of repair costs, which fluctuate from 
month to month, year to year and with light and heavy 
overhauls. It is a well-known fact that steam locomotive 
repair costs rise with the locomotive age, and it may be 
expected that Diesel-electric locomotive repair costs will 
tise in a similar manner but at a lower rate of increase. 
It became essential in preparing the data given herein to 
determine the actual repair costs over a period of years 
if 2 real measure of savings were to be ascertained. 

it has been fairly well established that Diesel-electric 
locomotive repairs are divided into three major divisions : 

Mechanical repairs covering trucks, engineman’s 
and engine room cabs, air-brake equipment and miscel- 
lancous mechanical auxiliary equipment. 

¢. Electrical repairs covering traction motors, genera- 
tors, control equipment, etc. 

5. Diesel repairs covering the Diesel units together 
with their major intimate auxiliaries. 

‘traight electric operation has determined the eco- 
nomic life of the equipment listed under the mechanical 
and electrical divisions. However, the life of Diesel 
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Costs 





Projected repair costs over a 
twenty-five-year period for an 
800-hp. Diesel-electric loco- 
motive. Includes itemization of 
parts replaced, labor hours, ma- 
terial costs and labor charges 


units is still subject to argument, inasmuch as Diesel- 
electric locomotives have not been in service long enough 
for the compilation of records showing actual repair 
costs over a long period of time. 

Therefore, in compiling the repair cost presented here- 
in it was thought that if the repair-cost trend curve for 
straight electric locomotives could be determined, and 
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Fig. 2—Average repair costs of electrical equipment 













































































First YeaR—7,000 Hrs. : 
Material Labor 








cost hours 
Mechanical : 
Air compressors (prorated) ......ccccceees $40 30 
Air brake equipment (prorated)............ 30 40 
ee ee, CUUEEE: BD FORE). dca vavcscccedsees ae 60 
ee OS Oe 120 ieee 
EE GaSe cs bacbcccebetebssiacwdens 215 50 
Sanders (prorated) .....sscssccscccscscces 4 8 
Window wipers Fhe daca caw as pee kenee 4 atari 
ce eS Ee re 50 660 
463 848 
Electrical : 
Traction motors 
Brushes .... Pe COTE TT en 25 
Armature and field coils (prorate units one 
CS PPOPe rT ice, sere nt eee Pee 100 20 
Canvas bellows Res sh nce es ba eae 3 10 
Generator: 
DCUSROR: ics. ss vada wails pieinieve. dab Sotekaee 20 
Exciters: 
Brushes ..... ee eee cere oe 5 
Wiring: 
Power and control (prorated) ........... 50 25 
Control: 
Bese. GRIUTOR ok k 6 ck ike veveeces 100 
Air compressor motors 
Miscelianeous scaly Avalace th aS RA A RO 20 a 
Cee ee SE a ee 30 480 
353 535 
Diesel engines: 
ROPE T Pee ee re eee 60 132 
Valve grinding and res¢ ating (twice per year) 50 300 
EE OP CCT OE ECT 40 : 
Miscellaneous gaskets ..... ie tales 20 
Miscellaneous ball bearings (prorated). pidaniee 20 
Miscellaneous springs GE ee oe 10 ee 
ESET i IEEE ELT TOE ee 110 - 840 
310 1,272 
I erates ay aa :css neh AER SO ORAS hom ok sea 1,126 2,655 
Labor cost at 68 cents per hour.........scecsseoes 1,805.40 Kit 
Annual total cost .... SRE Pe ete eine 2,931.40 
Annual cost per hour . Ce Ne Ne RE ead es oF 0.419 


Seconp YEAR—14,000 Hrs. 


Material Labor 











cost hours 
Mechanical: 
ae ; BO eee E Tee TT $463 848 
14,000 hrs.: 
Foot board (wood) fae eh alah wikia apt 5 12 
Arm rests ..... nk CRE eK a beara 10 5 
pe eee Ki ten SSSA Bee hehe 5 
20 17 
Increase annual maintenance, labor.......... > cece 17 
Electrical: 
EEE ET OTe COPTER OT TET eee 353 535 
CE OE a eer ree eee eee None None 
Increase annual maintenance, labor............ Pees 12 
Diesel engines: 
EE ee re TS Te eee Ore 310 1,272 
14,000 hrs.: 
Renew atomizer nozzles and needles..... anes 120 
120 aie 
Increase annual maintenance, labor............ ae 21 
AE ee ree errr reer 1,266 2,722 
Labor cost at 68 cents per hour..... Si nanses oo ee 1,850.96 ae 
Annual total cost ....... s wisiecalald eaiah abe eae po 3,116.96 
Annual cost per hour ... Se Pee ree ee 0.445 
Tuirp YEeArR—21,000 Hrs 
Material Labor 
cost hours 
Mechanical : 
IN Eas 04 vaihciidie, dole Ake take ae we Oe $463 793 
21,000 hrs.: 
New tires, polish journals and reface wheel hubs 420 250 
NEE UENO 5 cdc ccd cccccoceccd senses 12 1 
EE rr ree eee ere 75 piers 
SOME CUSMIONS occ ces csccnecsccccscccees 10 5 
STOLE EECA PETE TOOT ORT 5 5 
Cleaning miscellaneous truck parts.......... 10 140 
Miscellaneous truck repairs..........eeeee08 Saree 140 
packing Te ON Me in ah noe abs b0,8-4 8 20 175 
artial dissembly and assembly of trucks.... 30 275 
582 991 
Increase annual maintenance, labor........... ese 33 
Electrical: 
I ah cod so a cet oe acca kbs wee hes as 353 495 
21,000 hrs.: 
NN a og kid als dae h ad's tha 20 80 
Traction motors: 
Miscellaneous plates, leads and: bolts, etc... 80 40 
I STURN os cas cuss cache ste eae'e 300 cach 
Dissemble and assemble.......:......0... 20 200 
420 320 
Increase annual maintenance, labor........... nate 24 





Table I—Twenty -Five-Year Projected Repair Costs for an 800-Hp. Diesel Electric Locomotive 


Material Labor 


cost hours 
Diesel engines: 
MINS Pilasdvcstirn. wie eel ca Gack ow ee ares trees 6 $285 1,052 
21,000 hrs.: 
paces and ansemble. cs... 5... eet ss 100 450 
I areca ivig b slaes ain hs ess id. wise Paap 1,020 
Re ee cn eee 600 a 
COMMOCUINETOR TEATINBE 20.5 cc ccccccesscece 8 2a 
NIRS WMI ku aaah gb bis GiahG oie a ia Re 0A elas lb, > 210 —e 
Polish and true up crank pins............. 120 50 
i ee err err rer eer 20 
Cylinder-head water connections............ 30 24 
' 2,180 544 
Increase annual maintenance labor........... oaks 42 
PN aa aie carte ek acme Es oboe’ ih ia''bs 46k arden oa vesp sere 4,283 4,294 
Labor cost. at 68 cents per bour...........cccscees 2,919.92 e 
pe Se ae ee re 7,202.92 
I I I i icararare Wado aaces' 6:9 4.0300 50 00.0.2 1.029 


Material Labor 

















cost hours 
Mechanical: 

IIE iio he sre /b 34: ack nme aVaieis oS oer aoe $463 848 
ee gaan 20 17 
IN iaieik aeolian cat alohaccig Ste cpndicara.esecnive & Sone eae 

Hot-water piping and expansion tank....... 20 20 

20 20 
Increase annual maintenance, labor............ cna 50 
Electrical: ; 

EMILE <0 5p wie athisin's oROM Wis oGle tinea dwwas ss 353 535 
14,000 UE wicisiny be WMP eawlonle-wneS aebeobie sees None None 
PRIA? . cvecaig 5 @ib'o%, Sa eareaiww seas ba ake sink ote te cae Petié 

MINIS) F555 inh Glas hie heh Gis-9's ree qiasidis ava as 650 50 

650 50 
Increase annual maintenance, labor............ crater 36 
Diesel engines: 

GSR Sa itn, Mica ee a tg oe 310 1,272 
Os de, ee Seaiaesierdt neh Oeanawnelere, bite 6 sewse\'ors 120 aes 
28,000 hrs.: 

Fuel-pump spline and shaft assembly........ 250 40 

Timing-governor assembly ................ 150 

NS CENTOS it 4:5 6.50 sar ecdrs diareeie 5k Sion 150 

550 40 
Increase annual maintenance, labor........... cipsers 63 
Ca itdns eas blade thank hate OhE Aa a aidiaid oe taveieralO b/s Wiese 2,486 2,931 
Labor cust. at G8. cente per hour... 00. cccsescccses 1,993.08 
EE I I ig. b 6m och 6s k venie oa Scab iasseee 4,479.08 
PO NE NE FOI iio 5 ies ein aa Weed ea nsiesices 0.64 
Firth Yrar—35,000 Hrs 
? Material Labor 
cost hours 
Mechanical: 

2 NESE eee bie he Aleaes Ste ewieaes- $463 848 
35,000 hrs.: 

IIS hig alo ic Dd oo arerateve wo ean owe er 40 8 

Draft-gear springs ........ Sik mintaleaeG wie mia bie 10 12 

ors LLG Svan, aia eins ahig yew Cees é 15 60 

SIGE DEATINGS 2.0 scnccsscccsvccesseccccsere 15 20 

Brake-rigging pins and turnbuckles Die cians 75 bac zs 

Clean, paint, varnish and letter inside and 

AS HE NER = 0 au :a3hs aroratae Bsa swe 6:0. 00h 100 150 

255 250 

Increase annual maintenance, labor..... ae Te wala 66 
Electrical: 

CT Oe PE ot ee 353 535 
35, a ee None None 
Increase annual maintenance, labor............ pa 48 

Diesel engines: 

INI cibislace!diasb wiaie hje:0:4 0 06:50) Ga ail amie nw eech 310 1,272 
35,000 hrs.: 

Renew valve ESE A ee Ee | 110 ead 

eR Saree bicep 240 30 

Renew fuel-pump plungers and bodies....... 360 él 

Renew water-pump impeller................ 20 

Renew water-pu oe shaft and bearing assembly 40 

Fuel booster and scavenger. pump and coup- 

es 8 a a ae AS La a 60 oe 
a, EL ee ee aA re re 432 150 
: 1,262 180 
Increase annual maintenance, labor........ ea diac dh 84 
EE. Fas heal glen nibs) MCA oa CPR ok 6b oe eka ob 0 606.8 2,643 3,283 
Labor cost at 68 cents per hour.............. ot aie 2,232.44 a 
NE I ON oS ann u's ova aka a: oie aiveia & doko Whee on 4,875.44 
MNUEI “OE HEF BOVE. 02s ccc ccevcvacds SSA hica aes 96 
SixtH Yrear—42,000 Hrs. 
Material Labor 
cost hours 
Mechanical 

INL Nord wis aaih.qisten' Sea slats aw alates ae bs $463 793 
I are ot er ek A 20 17 
DENN =o Ualalent c's'b ca tatan.cewiees oe ae Zs: bcs 582 991 
I i iisic< ante saith d Slee mekeew bee Ty Cee None 
Increase annual maintenance, labor............ ease 82 


(Table continued on opposite page) 















to this curve the estimated Diesel engine costs added, 
the total would represent the Diesel-electric repair trend. 
A careful examination of straight electric locomotive re- 
pair costs showed that costs relative to repairs of parts 












of equipment of straight electric locomotives not com- 
mon to Diesel-electric locomotives could not be sep- 
arated readily from the available figures for straight 
electric locomotive maintenance. Therefore, this meth :od 
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I — Twenty-Five-Year Projected Repair Costs (Continued) 

















>t 
rs Material Labor Material Labor 
cost hours cost hours 
52 Electrical: Electrical: 
TOD MEE.. o.5.0.02edsnecaremenied hehe pwasawn sy $353 495 RL src wah sacs oe as oe ones asi ee oe $353 495 
90 SERRE so. tots Zu Cid cope eimeein » win rae een None None DIR vin cbc vkweeshe de ce kecws seb we Dee 420 320 
be pe OE eee eee re err re ree 400 120 63,000 hrs.: 
42,000 hrs.: Generators: 
2 ( Trz action motors: Bearings Coe eec eer cerecesererseerececeee 100 20 
. RR rer ee ee ee re en 70 16 a einai 
50 Commutators slotting, turning, dipping, 100 20 
; banding atid DARAIG. .2 << 5c cccvcscccece 700 40 Increase annual maintenance, labor............ S05 96 
24 Bens) DERE ncG pice nees ceeded cacancee 220 rr Diesel = 
Generators: SND. sks diane &aiem easter ee NS ae kk Scie 285 1,052 
44 Dissemble and assemble............-.c+06 80 21900 Rs ere tasas a olga Deion ab ek sok Aaa bees 2,180 544 
42 Commutator slotting, turning, dipping, 63,000 hrs. : ee F 
94 Dasndine andl HERING. ..026. cic c.000.0000:0.0:0 400 20 Wrist pins and wrist-pin bushings.......... 150 16 
: Exciters: SD PD. Ss ono cae 406 e5 one bala 220 iiex 
Dissemble and assemble.............+2++% 10 VOIVE SORES TEBEW. 2... 00s cccccesisevee sions 240 50 
Commutator slotting, turning dipping, Radiators Se ee eee eee ere ee eee ee 1,20) 20 
eS ae a rr ry era 150 10 Cooling-water tanks and piping............. 200 . 
boy 1,540 176 : 2,010 86 
re Increase annual maintenance, labor.......... re 60 Increase annual maintenance, labor........... ae 168 
Diesel engines: WE 0s ok th sae heat pee eh ane wind ceed dnc seu 6,593 4,956 
48 PRM ai ics og. svc oe Gite a wena nie Sew a bed nck aes 285 1,052 Liguer Dost At GS Gets Ger HeUr ss... 2000020000000. 3,370.08 es a 
17 [eee tiieS, |. cc ackcenatnr ce comec eee cabomted 120 cota PE PO Rg bien kaso seeeen tannacaean 10,363.08 
: A el RR ARERR RATE RE RRS ON 2,180 544 eee ee ee en en eee 1.48 
20 42,000 hrs. : 5 : , TentH YEAR—70,000 Hrs. 
ts Renew vibration dISCS. ......cecccccccsescses 50 Material Labor 
20 Renew rocker-arm bearings.........e.se+- ° 60 cost hours 
50 Renew fuel-pump straps........escccccseee 180 Mechanical: 
Renew lub. gov. and scavenger-pump gear and SL SR ere ee ee er a To $463 848 
535 Shafts .-.+s+sseeeeeeeee wyittttasssseees 100 a ith i da Nandendd keen abias kane’ 20 17 
me Renew tappet plungers, guides, springs and I on atk eh bc sada vaekehaks tendo 255 250 
. roller bushings complete..........-+-+4-. 300 50 70,000 hrs.: ‘ 
50 Crankshaft bearings ........cccccscccssece 380 err EAE SL NE er a pa ee 10 5 
ROOMS RUNOONDIS <i occ dc sco sscesdcrvers 20 ee 
50 ' ' on een 1,070 a La a” PT re ree 20 10 
r ncrease annual maintenance, labor........... sees 5 ingi ’ : inf ) 
™ nn yaipesied Saitipaa bee ne ry tine Pete g ORO i. 2a 4,485 eee ST NY LRP: +2644 0005502s ae 
272 Labor cost at 68 cents per hour.......-.eeesescees 3,049.80 ee 60 55 
ee ROGGE ORT CORE: 5 ois dn< ocbsinn sive areddehieeccd ene 10,062.80 Increase annual maintenance, labor............ “i 148 
Aematial CORE DOF BOWE. sos 5.06 cases sass sanebtacds 1.438 Electrical: 
40 SeventH YEAR—49,000 Hrs. TM eh aan ety aie ke eh se bag aeateeneaeew 353 535 
iat Material Labor SI ci fat isias veh s siacneehsnwnieediouweknn None None 
cost hours 35,000 Urs. ..... ucwulshsschse beau Sabachaen None None 
— Mechanical: 70,000 hrs. : 
40 PR RRS 2:46 ccaccnswadenssteseaseansayawes $463 848 Booster fuel-pump motors................:. 50 
63 MOMMIES, oases: cca wolowaadisoey 38 neice es None None Scavenger fuel-pump motors............+... 50 
931 Increase annual maintenance, labor..... poadtes as 99 ROdinter DIOWEF MIOOTS. 2 6.02 22. sce ceccee 75 
are Electric al: SPEER Ee eT ee 200 
PE 5 010:sa9 wane aa aa ous as iaa eee te alee reas 353 535 
CE Sr preycrt ea pire pe ar ere None None : 375 saint 
Increase annual maintenance, labor........... ste 72 _ Increase annual maintenance, labor........... 56.65 108 
Diesel engines: Diesel engines: 
bor OE Re ER © oop sro Og EC EES : 310 1272 TAOMRIIRES. 559 esala010'0'9 4:00 0:8 94'5:0390.00.5.0003.555.6 310 1,272 
ours 49,000 hrs.: Ll SESE Ere, ae re bey ey eek Lo 120 bias 
PE ~SELOINEE DAME. x0 6 6 asics deehuaes 50 REN Oca wee sas Beet usa sods ebatveae 1,262 180 
ss ' 70,000 hrs.: ; 
50 re PREM MOUUDE A i555 54 aise 5's <4 40008 oa oa 24 10 
8 Increase annual maintenance, labor..... cospenee ne 126 UMNO SEAINETS 2... cccescceccccvcccccecesas 50 aataal 
12 i MRE RE RAISE CAA ECT oc REA ER 1,176 2,952 POND oe ai sas) 10 8 50 sin nie she's ostisin 4.8.5 slave Sad 40 
60 Lanor cost at 66 cents pér HOUE.....'< o60cics 000 v0000% 2,007.36 aa -_—— 
20 SR MED GONE. oo 0s 0'nie.2 6 hitiosaseasnsabsabads 3,183.36 114 10 
REE GORE DOP TBE Sos oo 656s ok dbs dk a bees eee 0.455 Increase annual maintenance, labor............ cove 189 
E YEAR—56 000 H MO so 85 5's aia SRS St ae SEA We ¥:0'n.ad0aen ck 3,332 3 08 
150 IGHTH *EAR-—90, RS. sea Labor cost at GB cents: per Hout... o'6.0.soeso.0ccceses 2,456.16 , 
aterial Labor Annual total cost........... seapie nana de sae maces 5,788.16 
250 ee aa ae cost hours ST NE ONE ES Sass ois si 204.c:ed pes beaoaaiin 0.827 
mate mwMiecnanical: 
66 PE OR. inccisadadhus deed dawn bas euan ina eewn $463 848 ELeEvENTH YEAR—77,000 Hrs. 
z Oe ae eee APE eae Sy Sr ar A ae 20 17 Material Labor 
535 DR A 5 453.05.045 050 CR gn ep Senne bee be pen 20 20 cost hours 
None ME. 5 5 ssc duns ae aAbaun sac aaiewaacee None None Mechanical: 
48 Increase annual maintenance, ne EPO <a 116 NNN ina ty 55. bo a inva ale des oho oie wiaibod wat aee $463 848 
a Electrical: ks: aaa nie ehie’ $6 nies wnsiele-0'e va. None None 
272 fe See eee ee rr ere ° 353 535 Increase annual maintenance, labor........... . epee 165 
REE. odd ses ce Sarheeahiececsoecie ee ans None None Electrical: 
o3 Seer aie ree mer rar ee Oe wees ee oer t 650 50 IN aa es As cessitad usta hie'e om Wipes Cass a8 363 535 
30 RR Tot ye tee None None PPS sinc Bad able cee inne Kadi d okie. 64s 6 os None None 
Increase annual maintenance, labor............ oats 84 Increase annual maintenance, labor........... Pet th 120 
Diesel engines: ‘ Diesel engines: 
PRR.. 5; <.0,0-0:W apie on RoC Aan wae Maas 310 1,272 NS ached a 5's a aslg a Odie ua ots eae aid i oD) ere 310 1,272 
PRI .o3.5 Sed sxcwbatt ethene Sater eee nes 120 heh SE RRA Cec BES Blea Oey - None None 
eq PRAEIE. iio. oS cdo elicdkamenhee noes meLkaee® 550 40 Increase annual maintenance, labor............ Saas 210 
150 SPUD... xsk oncantethdnn de nueiaanrentns None None gers ak clean SA pth yaa vets sho Cn 1,126 3,150 
ae Increase annual maintenance, labor........... ‘ eRe 147 Labor cost at 68 cents per RE ary ep eer ee 2,142.00 eove 
ii COMED ca. okts.01h.ie on oseaseus Cetin meese seek ens 2,486 3,129 SAA SEN NI oa 3c a Galas ehinla w6s ; 3,268.00 
3 a pro oot y 68 cents per hour..... baaeha eae ee pete eae PEPE COREG DEE TONES 6 i956 k oie bso Guo 0s Sade s 0.467 
so TIMURL TOtAl COKE... aw ccccceccccccvecsccseseccesece m ° 
oe ASS CORE BOE” WOUE 65 js.c seine cena wha es,s.00-0 siewaw 0.659 Twetrtnh Year—84,000 Hrs. . 
Material Labor 
NintH Year—63,000 Hrs. cost hours 
Material Labor Mechanical: 
cost hours TRS. Die wis sconce ddie.d-a 0 0nd oro. s dawns eed $463 793 
Labor Mechanical: OO ESE Ee Re een oy Ser Cnr es 20 17 
ae FU MME: o5'v e's «3 edn'nd das yn sda gx cn » $463 793 EN Gs sas ws bs ap asepdnenewisesees 582° 991 
OT DOD: CER. iscks scams £6 ei oes Mes bbasewhebame te 552 716 NS oad bg ha04.0s ae pret aa ba eteeke pene 20 20 
793 63,000 hrs.: RS RE Re pee eae rE ee Gert None None 
17 Trucks: 84,000 hrs.: j 
991 Te re, eT pe Mme eee gee Ep ee 300 60 Male center-plate wearing plate............. 25 40 
None Complete dissembly and assembly of trucks 50 450 —-—— 
99 Petestal GnGe  o0.5 655 eR ASS ees vce aan 20 24 25 40 
5 Sorines’ -TetOPey 0 ksa <6.cs.4 fee oes. s ovis C00 5 09 100 ape Increase annual maintenance, labor............ K soads 182 
= SOF Y MARMNED. 5 olicdehs454a,4seeubees es 80 Electrical: 
or Sprite MOGeGe: TIORG: «65:0 .w66-060-d cobs dhsahis a6 20 7 EAS Araneae Brie Ween maeiben eke tenet 353 495 
SPriSMGOwer’ ROVE. 6:06.05 45 2 cach ee cnts choke 20 . 14,000  ckrnic codes Me Vand th svaee onan cobs None None 
Pete DORGO 50 sielso cs abs a cing aca eainiontes pe 20 De aa ses ts WER Re Kee 4h ae eek tha som eee 400 120 
MSO TONES 5 6:0: sb aks -dtaeise seek PR ena ae 20 SETTER. °'s ph Sco iad asl oie ohig 6.0 ela Kwn dA eR A 650 50 
GREE Wiis bel hcc ew aie tececes oan chs shee 1,540 176 
630 534 84,000 hrs. SAREE AR SE RES. SMP e ena ot OB None None 
Increase annual maintenance, labor............ oak 132 Increase annual maintenance, Eee cone 132 
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Diesel engines: 
7,000 hrs. 
14,u00 hrs. 
21,000 hrs. 
28,000 hrs. 
42,000 hrs. 
84,000 hrs. Sara ale eaten es 
Increase annual maintenance, labor............ 
Totals 
Labor cost at 68 cents per 
Annual total cost........ 
Annual cost per hour.... 


hout er eters eseeeeseeese 


THIRTEENTH YEAR—91,000 Hrs. 


Merhanient : 
7,000 hrs. 
91, 7000 hrs. 
Increase annual maintenance, 
Electrical: 

7,000 hrs. 
91,000 hrs. 
Increase annual maintenance, 

Diesel engines: 
hit ee wee 
91, "000 hrs. 
Increase annual mz aintenz ance, 
Totals Da eee ks oe Ee kA 
Labor cost at 68 cents per hour..........sseeeeeee 
Annual total cost.......... : 
Annual cost per hour..... 2 


FourTEENTH YEAR—98,000 Hrs. 


Mechanical: 

i 3 Sere 
14,000 hrs. 
49,000 hrs. 
98,000 hrs. 
Increase annual maintenance, 

Electrical: 

7,000 hrs. 
14°000 hrs. 
49,000 hrs. 
98, 000 hrs. 
Increase annual maintenance, 

Diesel engines: 
PEO, © ok csceaes 
14, "000 hrs. 
49,000 hrs. 
98,000 hrs. 
Increase annual maintenance, 
Totals 
Labor cost at 68 cents per hour..........eeeeeee0. 
Ns a ccc aed s abe eaesenadenewes 
Annual cost per hour...... 


FIFTEENTH YEAR—105,000 Hrs. 


Mechanical: 

7,000 hrs. 
21,000 hrs. 
35,006 hrs. 

105,000 hrs. 
Increase annual maintenance, labor............ 
Electrical: 

7,000 hrs. 
21,000 hrs. 
35,000 hrs. 
105,000 hrs. 

Increase annual maintenance, 
Diesel engines: 
ee la as ccnarg Wala gm avd EE A eR AT 
21 "000 hrs. 
35, ‘000 hrs. 
105,000 hrs.: 
Crankshafts 


Coes eeeseeesesecesseeseseeeessye 


Cee eet eee ete eee eeeeeseseeessese 


Increase annual maintenance, labor............ 
Totals 
Labor cost at 68 cents per hour............-0ee00- 
I a a aaa drs 6kbeH aed Oe 4 bp ree¥ie 
I IE ROME vio 500s acess 66s. bcepeecr cess 


S1xtTEENTtTH YEAR—112,000 Hrs. 


Mechanical: 
EE ater ee are nee ee a pease 
14,000 hrs. a aie 
EE Oar 4h betha ea bheeasdaenneee® 
couche eke bas waee as seietenh 
112,000 hrs. 
Increase annual maintenance, 
Electrical: 
7,000 hrs. 


Coe Hee eee eee HEE SER EEE EEE DEES 
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Table 1—Twenty-Five-Year Projected Repair Costs (Continued) 





Material Labor 
cost hours 
$285 1,052 

12U Nery 
2,180 544 
550 40 
1,070 50 
None None 
iain te 231 
8,258 4,933 
3,354.44 sceok 
11,612.44 
1.659 
Material Labor 
cost hours 
$463 848 
None None 
cee 198 
353 535 
None None 
cies 144 
310 1,272 
None None 
sinne 252 
1,126 3,249 
2,209.32 bees 
3,335.32 
0.476 
Material Labor 
cost hours 
$463 848 
20 17 
None None 
None None 
Seee 214 
353 535 
None None 
None None 
None None 
Pe aay 156 
310 1,272 
120 Eee 
50 safc 
None None 
aathin 273 
1,316 3,315 
2,254.20 o0e% 
3,570.20 er 
0.61 eee 
Material Labor 
cost hours 
$463 793 
582 991 
255 250 
None None 
2% 231 
353 495 
420 320 
None None 
None None 
Ae 168 
285 1,052 
2,180 544 
1,262 180 
2,700 
2,700 
a a 294 
8,500 5,318 
3,616.24 ca. 
12,116.24 Pas 
1.731 re 
Material Labor 
cost hours 
$463 848 
20 17 
20 20 
None None 
None None 
ves 248 
353 535 
None None 
650 50 
None None 
None None 
Sela 180 
310 1,272 
120 sate 
550 40 
None None 
None None 








Cost Per Locomotive Hour, 
= 
So 


DE ash ks cua Makvaalae aed aam eee peea py Ce aes 
DGnOe Cont at GE. Cents Mer BOUT... o65.c. cc senccacces 
ME EE IR, 5 51k ig ca WA Saabs ai WANS owe eon > 
Fe Re er er ee ee 


SEVENTEENTH YEAR—119,000 Hers. 


Mechanical: 

7,000 hrs. 
119,000 hrs. 
Increase annual maintenance, labor............ 

Electrical: 

7,000 hrs. 
119,000 hrs. 
Increase annual maintenance, labor............ 

Diesel engines: 
5000 hrs. 
119,000 hrs. 
Increase annual maintenance, labor............ 
RE ORE Ce eae 
Labor cost at 68 cents per hour..........cccccces 
RE I I oo sa cleo Sab cuts One awidaeens abe 
PE UNE: OO CINE Sosa 5 6 sos ine win o.0ic-< a 80 cia wins 


YEar—126,000 Hrs. 


eee eee eee eee ee ee rr er) 


EIGHTEENTH 


Mechanical: 
7,000 hrs. 
14,000 hrs. 
21,000 hrs. 
42,000 hrs. 
63,000 hrs. 

I ea Pe shu cr eben se tsp in Sa GRS aS 
Increase annual maintenance, 

Electrical: 

7,000 hrs. 
14,000 hrs. 
21,000 hrs. 
42,000 hrs. 
63,000 hrs. 

ITN Si thsi tc ota sao: iain elcpusins aie elose: bce Sm acre 
Increase annual maintenance, labor............ 

Diesel engines: 
7,000 hrs. 
14,000 hrs. 
21,000 hrs. 
42,000 hrs. 
63,000 hrs. 

I 8655 asasnaern aa 4 Gimssminne een aed aia 
Increase annual maintenance, labor............ 

IIS Sy tal Badia rain alo imioe inn g es Wiss eatin ikl ao arke 6 ae 

Labor cost at 68 cents per hour..............e00- 

MI IIE I aia ord a 'p 0044 eid cle ml 0m 5 aces Gino 0 ers 


ee | 
Cr 
Ce ee ee | 


ey 


Cece errr eeeseesereessssesesecs 


Mechanical: 

ICH, Pn aig dic ciara wivteieisieve wines aie ea-siete Asan 
IIS 5 Rintash rae ako, SeaSdauw.s.bs'e eo een mtw ee’ 
Increase annual maintenance, labor..... Sema asd 

Electrical: 

7,000 hrs. 
NN oT idca.e aica.c havaid ob Xie wie aioio-o alu 60's 
Increase annual maintenance, labor........... 

Diesel sae: 
RING Tatts tenark7o, opus aia areas aloea os ais Baio;s 
133 ‘000 RNG Side iaielsclG.ot Ra maiisins has spe b sees 
Increase annual maintenance, labor............ 
Se a ae Se eee ee 
Labor cost at 68 cents per hour..............0..- 
I I aici k'510' ooo Grains & Gk Roe ood a eae s 6 


ee ee ee ee ey 
ee ey 
ee ee ee ee ee es 
ee ee ee 


140,000 hrs. 
Increase annual maintenance. 


va continued on opposite page) 
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Fig. 3—Average repair costs of the Diesel engine 


Material 
cost 
$2,486 
2,397.00 
4, 883.00 
0.698 


Material 
cost 


$463 
None 


353 
None 


310 
None 
1,126 
2,343.96 


3,469.96 
0.496 


Material 
cost 


$463 
20 
552 
None 
630 
None 


353 
None 
400 
1,540 
100 


None 


285 
120 
2,180 
1,070 
2,010 
None 
9,723 
3,701.92 
13,424.92 
1.91 


Material 
cost 


$463 
None 


353 
None 


310 
None 
1,126 
2,411.28 
3,537.28 

0.50 


Material 
cost 


Labo 
hours 
3,525 


Labor 
hours 


848 
None 
264 


535 
None 
192 


1,272 
None 

336 
3,447 


Labor 


hours 


793 


Labor 
hours 


848 
None 
297 


535 
None 
216 


1,272 
None 

378 
3,546 


Labor 
hours 
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Material Labor 



















cost hours 
Electrical : 

FM, 5:5.004500inwdenndeieanees cas bwin $353 535 
SNES 5-06 Sodas bern eeeaaateeods ween None None 
ES ac kia ks Sata tana ae kw aAcEee 650 50 
RN MM. ), oa c\g Wie o.5 dalelaciemuecaee aabe Ss ciiacom None None 
EE ORS 5.60 c alas sin eden Manes a calbaw meee eaae 375 noes 
II HIG -cira.s 00 sn tan lo ci ature ate and aira'w eels dveca-o Scar None None 
Increase annual maintenance, labor............ Scher 228 

Diesel engines: 

SACRE OOGe one, eee yee rere 310 1,272 
RR MM Coa iaa ash aaicn seen w She's oewee as wtls 120 ees 
EN 56. Gok wn aestecas wae oe eae 550 40 
MRL. o. Ads Orla cgi ae ania daw ernaincaneenre 1,262 180 
PE NING ia salts "x.Sois sw sca se elaine Ried wee® Scie ae SS 114 10 
ROT MES oboe cds ae nd Ree aaaeres desea sae None None 
Increase annual maintenance, labor.......... =. ..0-- 399 

Ra ee ae aes 4,552 4,218 
Labor: cost at GB cents per Hoths cnc s ccc iivces 2,868.24 age 
ED, THON TES iio 6. oc Ss aececknaeeawassin kee es 7,420.24 
PS CONE QUE’ WBE oa. noo 0 eebh hoa ee SAS dO F< 1.06 





Twenty-First YEAR—147,000 Hrs. 
Material Labor 






















; cost hours 
Mechanical: 

PR ..catedet wsasedaandeelsktiaaticnwaan $463 793 
EG iieit Since sawed s wae a a ae 582 991 
SPIE. 4. .Gin as arsine eee eoikwod coawn eelaaiee None None 
PENNE MES ona 0s Oipa,buwian tbe ae cease chan eeieaie None None 
Increase annual maintenance, labor............ eri 330 

Electrical: 

PINES daie-ionda sah aeemeaen shen eas sae 353 495 
Sw cid va a Sank Ge cathe mens Caetee 420 320 
EPID cvs 5s Sin weeSceua ks eis eee ee ees None None 
WE IONS og 55s works ba ase one ewe ee Slee ie None None 
Increase annual maintenance, labor........... — 240 

Diesel engines: 

Peo dea cabaauk eames eh eo ee ua kaise 285 1,052 
RIN IIEEED. <5.2 cous & anc ceux Osta eee Baie as eaters 2,180 544 
IN no ahaa denen biases seed BAe mle We 50 awe 
RD NRL a oa ass aux aa ides loctinta an econ akc sla Nona None None 
Increase annual maintenance, labor........... ielnde 420 

TOMER: hisicch cela Kease icin gitar a wialoea.t ai a tactrate 4,333 5,185 
Labor cost at 68 cents per hour................008 3,525.80 pepe 
WCU “WORE IES oo iss 5 8k Ak ia ee nee pennies sues 7,858.80 
Annual cost per hour........... pacers lotpea iets au ese kee 1.123 







TWENTY-SECCND YEAR—154,000 Hrs. 
Material Labor 






















cost hours 
Mechanical: 

URL (oda Sianeli a eae ree emteae ea $463 848 
PE IRE 0s: 5 da pS ea aR ean ceds ci Ris 20 17 
ERNE 350-4 vais Woe SR AUK eae eens None None 
a R's: owed ealeGuisitaa be ajacs eed «cmon None None 
Increase annual maintenance, labor........... ens 346 

Electrical : 

7,000 hrs. 353 535 
14,000 hrs. s% None None 
77,000 hrs. None None 

154,000 hrs. None None 
Increase annual maintenance, labor............ evens 252 
Diesel engines: 

UII c..a)sv'e:clavatulebaphacss wrcantiatatecks oe RNase 310 1,272 
| eR ee, ae anc Peet ees etre or 120 dint 
nt SES ee eee reer cr pereanry orto: None None 

RR MEE fo is ice vanes Raa cae sae eee unas ode None None 
Increase annual maintenance, lahor............ ee 441 
OME 2.5054 SNS oop adcwur Meal se ta MemaauiaetNon 1,266 3,711 
Labor cost at 68 cents per hour.............cce00% 2,523.48 sae 
PRE ME GENES oc cobaw cs tn paatds pbs Sebeaees 3,789.48 
UM COE BEF BONE. ois.6ioi a os che rcanwn bhiboe had 0.541 






TWENTY-THIRD YEAR—161,000 Hrs. 
Material Labor 











cost hours 
Mechanical: 

BME MAND... "4. arate oduct wucikibels ae eek bas tae ee $463 848 
ST OR ooo ace ook a cee Piaetekuaeetes annie None None 
Increase annual maintenance, labor............ nee 346 

Electrical: 

REE ns as din dc sn wep es aes se aweoes 353 535 
RIED or Se alone 5 ach og eR ER Res ce eee None None 
Increase annual maintenance, labor............ ae 264 

Diesel engines: 

PE Sa 6+ Roba hee aa eek aah eia als 310 1,272 
Ee END Pe ae lag AC, Sa ein eters None None 
Increase annual maintenance, labor............ Saas 462 

LE eS MAR ey Aas Pia eres pee ee 1,126 3,727 
Labor cost at 68 cents per hour................... 2,534.36 
Annual total cost. ....00cccsceeeed Pacis tees wach biased 3,660.36 
Annes o6et- Bet BORE sc. os ss seecgssaien saa asegen 0.523 





(Table continued top of next column) 





of determining Diesel-electric repair costs was not used. 

All available traction repair costs given by the A. A. R. 
and the American Institute of Electrical Engineers, 
as well as the data on stationary power plants given 
by the American Society of Mechanical Engineers, were 
then reviewed in connection with the establishment of 
the Diesel costs. However, before this repair study was 
completed, the Northampton & Bath acquired an 800- 
~hp., 116-ton double-power-plant Diesel-electric locomo- 
tive and operated it through the first mechanical over- 
haul period. This locomotive is equipped with two 9-in. 
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Table I — Twenty-Five-Year Projected Repair Costs (Continued) 


TWENTY-FOURTH YEAR—168,000 Hrs. 





Material Labor 
cost hours 
Mechanical: 

PN si ig ac cara rca Win ahd 8 sw See $463 793 
EE cs biek cna aks dds enw cba nese eena ke 20 17 
DN 5. 2a Bae ONE Sem Rs wis Sates 582 991 
RII ies olca a aicle chad Mae ei enemy 20 20 
INE oo cries Soak cath ci alae PG bese W aiasa les hesg wis ace None None 
ns 48 ok Ca bhi kasd che peace hw Didi None None 
NN hk ae a IE tS x ides saw 8 25 40 

SII) (5.5 ca 44% Shivinwta binds edd. as sce sieiee None None 
Increase annual maintenance, labor............ Janne 380 
Electrical: 

7,000 hrs. 353 495 
14,000 hrs. de None None 
21,000 hrs. 400 120 
28,000 hrs. 650 50 
42,000 hrs. eA 1,540 176 
I cacy Dae Win i aek iki ee anes ems None None 
84,000 hrs. None None 

168,000 hrs. None None 
Increase annual maintenance, labor............ babe 276 
Diesel engines: 

EE, Bink ia ces Raannses aces has etecaw 285 1,052 
IN ie cee cak eae aw awiaw ke Sate 120 sist 
SEE Caen a's Sina e bing hae Oa ew 2,180 544 
SE ne Pern ey eer ere eee ee oe 40 
ip SP Span ate eS Reale ca A lll 1,070 50 
Et cee canoe ask whan tae ke None None 
I Sac ao cea cuts h earns abla Geen None None 
RRR ks eee aan iin ee. s xb Wiig eee None None 
Increase annual maintenance, labor............ oe 483 

Te a hang ei a ie el de ek ns oe Ah are kh 0 4:6 A eo oe 8,258 5,527 

Lanor cost at G6 cents per hour... ......2.ccnesses 3,758.36 eae 

IR RIN oo ate Nea sis Sie dln ak lachialae er 12,016.36 
TUE I RE TRUE ok 6.65 ogc 56 6 0 ais 2 os ws'n 48 tine 1.717 


TWENTY-FIFTH YEAR--175,000 Hrs. 
Material Labor 





cost hours 
Mechanical: 

PRE 5c DEES hos kim genie ees Saleen $463 848 
PE fk ere eee ae oe ras eee Omit Omit 
SI kn onc ce BE bee ns WoW. ec ae wae None None 
Increase annual maintenance, labor............ cen 396 

Electrical: 

TNE, kya cie bal owcnnab< paebeceneaant 353 $35 
re ee gt earn cians Si mweieine Omit - Omit 
is OO Ee ea dawn None None 
Increase annual maintenance, labor............ sinmd 288 

Diesel engines: 

ES ane ae ee eS es 310 1,272 
ERR SOR apa oe on a Omit Omit 
ER RES ae rec eee paraeee None None 
Increase annual maintenance, labor............ ee 504 

pee 2 Sa ae ie eRe ny arene pereree 1,126 3,843 
Labor cost at 68 cents per hour 2,613.24 » 
Bs ohare 05 A Sheds bso ces Sense berate 3,739.24 
Pe Ne I Nis 5g Sec 0d vis ww aenev ase nue 0.534 





Table II — Estimated Material and Labor Costs for 
Maintaining Mechanical Equipment on the N. & B. 
800-Hp. Diesel-Electric Locomotive* 


Hours at Labor at Average 
end of Labor 68 cents cost 
Year period Material hours per hour Total per hour 
1 7,000 $463 848 $576.64 $1,039.64 $0.149 
2 14,000 483 882 599.76 1,082,76 0.155 
3 21,000 1,045 1,817 1,235.56 2,280.56 0.326 
4 28,000 503 935 635.80 1,138.80 0.163 
5 35,000 718 1,164 791.52 1,509.52 0.216 
6 42,000 1,065 1,883 1,280.44 2,345.44 0.335 
7 49,000 463 4 643.96 1,106.96 0.158 
8 56,000 503 1,001 680.68 1,183.68 0.169 
9 63,000 1,645 2,175 1,479.00 3,124.00 0.446 
10 - 70,000 798 1,318 896.24 1,694.24 0.242 
11 77,000 463 1,013 688.84 1,151.84 0.165 
12 84,000 1,110 2,043 1,389.24 2,499.24 0.357 
13 91,000 463 1,046 711.28 1,174.28 0.168 
14 98,000 483 1,079 733.72 1,216.72 0.174 
15 105,000 1,300 2,265 1,540.20 2,840.20 0.406 
16 §112,000 503 1,133 770.44 1,273.44 0.182 
17 119,000 463 1,112 756.16 1,219.16 0.174 
18 126,000 1,665 2,340 1,591.20 3,256.20 0.465 
19 133,000 463 1,145 778.60 1,241.60 0.177 
20 140,000 818 1,504 1,022.72 1,840.72 0.263 
21 147,000 1,045 2,114 1,437.52 2,482.52 0.355 
22 154,000 483 1,211 823.48 1,306.48 0.187 
23 161,000 463 1,194 811.92 1,274.92 0.182 
24 168,000 1,110 2,241 1,523.88 2,633.88 0.376 
25 175,000 463 1,244 845.92 1,308.92 0.187 


18,981 35,654 24,244.72 43,225.72 0.247 
* Based on a 7,000-hr. year. 





by 12-in., four-cycle, 400-hp. engines which operate at 
900 r.p.m. In order to obtain a comprehensive picture 
of completely Dieselized operation, a 400-hp. single- 
power-plant unit with. similar Diesel equipment was 
leased by the road. The Diesel engine and electric equip- 
ment of this unit was later overhauled by the company 
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Fig. 4—Average repair cost for the entire locomotive 


800-Hp. Diesel-Electric Locomotive* 


t 


Material 


2,393 
353 
1,378 
773 
353 
353 
2,943 
353 


23,115 





Labor 
hours 


535 


765 
727 


1,015 
751 


813 


1,055 


787 
799 


1,117 
823 


19,459 


* Based on a 7,000-hr. year. 


Labor at 
68 cents 
per hour 
$363.80 
371.96 
570.52 
422.28 
396.44 
578.68 
412.76 
454.92 
633.08 
437.24 
445.40 
661.64 
461.72 
469.88 
668.44 
520.20 
494.36 
690.20 
510.68 
552.84 
717.40 
535.16 
543.32 
759.56 
559.64 


13,232.12 


Total 


896.32 
3,702.56 
912.64 


36,347.12 


Table III — Estimated Material and Labor Costs for 
Maintaining Elecirical Equipment on the N. & B. 
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cost 
per hour 
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Fig. 5—Cumulative repair cost per locomotive hour for the 800-hp. 
N. & B. Diesel-electric locomotive 


forces before being placed in service. Careful records of 
material, labor, maintenance, and other expense items 
were kept for both units throughout their entire operat- 
ing period. Wear of parts (and thus their service life) 
was recorded, and all other pertinent data were pre- 
served. 





Table IV — Estimated Material and Labor Costs for 
Maintaining Diesel-Engine Equipment on the 
N. & B. 800-Hp. Locomotive* 


Hours at Labor at Average 
end of Labor 68 cents cost 
Year period Material hours per hour Total per hour 
1 7,000 $310 1,272 $864.96 $1,174.96 $0.168 
2 14,000 430 1,293 879.24 1,309.24 0.187 
3 21,000 2,465 1,638 1,113.84 3,678.84 0.511 
4 28,000 980 1,375 935.00 1,915.00 0.274 
a 35,000 1,572 1,536 1,044.48 2,616.48 0.374 
6 42,000 3,655 1,751 1,190.68 4,845.68 0.692 
7 49,000 360 1,398 950.64 1,310.64 0.187 
8 56,000 980 1,459 992,12 1,972.12 0.282 
9 63,000 4,475 1,850 1,258.00 5,733.00 0.819 
10 70,000 1,806 1,651 1,122.68 2,928.68 0.418 
11 77,000 310 1,482 1,007.76 1,317.76 0.188 
12 84,000 4,205 1,917 1,303.56 5,508.56 0.787 
13 91,000 310 1,524 1,036.32 1,346.32 0.192 
14 98,000 480 1,545 1,050.60 1,530.60 0.219 
15 105,000 6,427 2,070 1,407.60 7,834.60 1.119 
16 112,000 980 1,627 1,106.36 2,086.36 0.298 
17 119,000 310 1,608 1,093.44 1,403.44 0.200 
18 126,000 5,665 2,089 1,420.52 7,085.52 1.012 
19 133,000 3 1,650 1,122.00 1,432.00 0.205 
20 140,000 2,356 1,901 1,292.68 3,648.68 0.521 
21 147,000 2,515 2,016 1,370.88 3,885.88 0.555 
22 154,000 430 1,713 1,164.84 1,594.84 0.228 
23 161,000 310 1,734 1,179.12 1,489.12 0.213 
24 168,00 4,205 2,169 1,474.92 5,679.92 0.811 
25 175,000 0 1,776 1,207.68 1,517.68 0.217 


46,156 42,044 28,589.92 74,745.92 0.427 


= Based on a 7,000-hr. year. 








Year 
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Table V— Summary of Estimated Material and Labor Costs for Maintenance of Mechanical, 


Electrical, and Diesel-Engine Equipment on the N. & B. 800-Hp. Locomotive* 


Hours at 


end of 
period 


168,000 
175,000 


* Based on a 7,000-hr. year. 


Material 


$1,126 
1,266 
4,283 


Labor 
hours 


2,655 
2,722 


97,157 


Labor at 
68 cents 
per hour 
$1,805.40 
1,850.96 
2,919.92 


2,613.24 
66,066.76 


Cumulative cost 
—— 





Average r . 

cost Average 

Total per hour Total per hour 
$2,231.40 $0.419 $2,931.40 $0.419 
3,116.96 0.445 6,048.36 0.432 
7,202.92 1.029 13,251.28 0.631 
4,479.08 0.640 17,730.36 0.633 
4,875.44 0.696 22,605.80 0.646 
10,062.80 1.438 32,668.60 0.778 
3,183.36 0.455 35,851.96 0.732 
4,613.72 0.659 40,465.68 0.723 
10,363.08 1.480 50,828.76 0.807 
5,788.1 0.827 56,616.92 0.809 
3,268.00 0.487 59,884.92 0.778 
11,612.44 1.659 71,497.36 0.851 
3,335.32 0.476 74,852.68 0.822 
3,570.20 0.510 78,402.88 0.800 
12,116.24 1.731 90,519.12 0.862 
4,883.00 0.698 95,402.12 0.852 
3,469.96 0.496 98,872.08 0.831 
13,424.92 1.918 112,297.00 0.891 
3,537.28 0.505 115,834.28 0.871 
7,420.24 1.060 123,254.52 0.880 
7,858.80 1.123 131,113.32 0.892 
3,789.48 0.541 134,902.80 0.876 
3,660.36 0.523 138,563.16 0.861 
12,016.36 1.717 150,579.62 0.896 
3,739.24 0.534 154,318.76 0.882 

154,318.76 0.882 
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The determination of repair cost trends was made by 
analyzing (1) the data collected by the Northampton 
& Bath on its two Diesel-electric units, (2) Diesel 
operating costs as furnished by other railroads, and (3) 
the cost of operating and maintaining steam locomotives. 
The analysis of these data resulted in a fairly accurate 
determination of the life of the various parts of the trucks, 
underframe, cabs, electrical equipment, Diesels and aux- 
iliaries, as well as the labor hours required for replac- 
ing worn parts. The cost of maintaining the 800-hp. 
Diesel-electric locomotive over a twenty-five year period 
was then tabulated. These costs are given in Tables 
I to V, inclusive. 

The data in Table I gives service hours expected from 
the various parts of the mechanical, electrical and Diesel 
equipment; the year in which the parts are expected to 
be replaced; and the labor hours required for replacing 
worn parts. In some cases it will be noted that hours 
of labor are omitted. In these instances the labor 


charge is taken care of either in dissembly and assembly 
of the individual units, or by the annual labor charge. 
It will be seen from Table I that it has been assumed 
the locomotive will have an average life of twenty-five 
years, and that it will give 7,000 hr. of service per 
year, which is equivalent to an availability of 80 per 
cent. 


The table also includes the total hours of labor, 


A.A.R. Passenger-Car 


Air-Conditioning 


@y December 20, 1935, the Board of Directors of 
the Association of American Railroads authorized the 
Division of Equipment Research to undertake an ex- 
tensive investigation of the air-conditioning of railroad 
passenger cars. The investigation was undertaken be- 
cause of the magnitude of the investment in railroad air- 
conditioned equipment and the necessity of securing 
maximum returns from equipment installed now or to be 
installed in the future. Table I shows the extent of the 
investment in air-conditioned cars and terminal facilities 
owned by the railroads in the United States and Canada 
as of March 1, 1935. On October 1, 1936, there were 
8,031 air-conditioned passenger cars in the United 
States and Canada, of which 3,907 were owned by the 
railroads and 4,124 were owned by the Pullman-Stand- 
ard Car Manufacturing Company. 

To accomplish the objectives of the investigation, the 
project was conceived as consisting of the following 
steps: (1) Survey of the performance of equipment in 
service; (2) determination of the efficiency of air-con- 
ditioning systems; (3) determination of the mechanical 
efficiency of the drive mechanisms; (4) study of the air 
requirements, treatment, diffusion, and related matters; 
(5) determination of the cost of air-conditioning per 
1,000 car-miles; and (6) study of the factors relating 
to passenger comfort. During the course of the investi- 
gation, road tests were conducted on 594 passenger cars 
of which 434 were air-conditioned cars owned by rail- 
toads, 10 were railroad-owned cars not air-conditioned, 
and 120 were air-conditioned cars owned by the Pull- 
man Company. The report submitted on this work is 
called a “Summary Report on Air-Conditioning of Rail- 
toad Cars,” and deals entirely with the railroad-owned 
cars. A report on the Pullman cars is to be released 
at a later date. In addition to the summary report 
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cost of labor at a rate of 68 cents per hour, and the total 
cost of labor and material for each year. 

Tables II, III, and IV give summaries of the year- 
by-year cost for maintaining the mechanical, electrical, 
and Diesel equipment, respectively. These tables also 
show the total cost per year and the yearly average cost 
per hour for maintaining the locomotive. Table V is a 
grand summary which shows the average repair cost per 
hour for the entire locomotive as well as the total cumula- 
tive cost and average cumulative cost per year. 

Figs. 1 to 5, inclusive, show the annual cost per loco- 
motive hour of maintaining the mechanical, electrical, 
and Diesel equipment, the annual cost per locomotive 
hour of maintaining the entire locomotive, and the yearly 
accumulative repair costs. Trend lines and five-year run- 
ning averages are also shown in these figures. Fig. 1 
is plotted from Table II, Fig. 2 is plotted from Table ITI, 
and Fig. 3 is plotted from Table IV, showing the average 
repair costs per locomotive hour over the twenty-five 
year period for electrical, mechanical and Diesel equip- 
ment, respectively. Fig. 4, plotted from the values 
given in the seventh column of Table V, shows the 
average repair costs per locomotive hour for the entire 
locomotive over the twenty-five year period. Fig. 5, 
showing cumulative repair costs for this period, is 
plotted from values in the last column of Table V. 


Report 


and the report on the Pullman cars, the A.A.R. will 
later release an engineering report to meet the needs of 
air-conditioning engineers and operating personnel, and 
reports to the individual railroads which assisted in con- 
ducting the investigation. These latter reports will give 
in detail the results obtained by testing the equipment 
of the respective railroads. The scope of the work done 
in securing the information for preparing these reports 
is presented in Table II. 


Systems Tested and Results 


It is seen from Table II that 15 air-conditioning sys- 
tems were tested in the laboratory of which 12 were 
mechanical-compression units. The remaining three 





Table I—Net Charge to Investment Account—Air Condi- 








tioning Equipment—2,653 Cars Owned by 45 Rail- 
roads in U. S. and Canada, as of March 1, 1936 
Mechanical compression: pes oad a2 
Electro-mechanical drive ......+++ee+ been’. ae $3 922,245.46 
Direct-mechanical drive (Pullman) ....... 423 3,481,597.66 
Internal combustion engine drive (Waukesha) 1 3,729.76 
-end power drive (articulated trains) .. 20 66,275.58 
WE iwatdscersdscdbessosseensebine 1,146 $7,473,848.46 
SEGRES CHOCME onc ccdccvccrecrsevvcccrecesves 464 3,396,297.02 
FE CE 00.5558 566.0106 cece pscesssc cons 1,043 3,216,888.41 
ME Gucdssth asses deed scekseobeseed 2,653 $14,087 033.89 


Additional facilities (terminal) ............. 





oe 1,157,131.54 (a) 
GeeeE: TAR. occ cccscvsvctecscscese 2,653  $15,244,165.43 





(a) Values for two railroads not reported. 





were steam-ejector, ice-activated, and evaporative-cool- 
ing units. During the tests of these units the inlet air 
to the cooling coil (the evaporator of the mechanical- 
compression systems) was maintained at 80 deg. F., 
and the relative humidity was maintained at 50 per cent 
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Table II—Scope of the A.A.R. Air-Conditioning 


Investigation 
Number of air-conditioning systems tested in laboratory... 15 
IN UNNEUNNIIER og 5.556 6:00.06. 8 04:5 04 6 6600040660600 12 
spac ap anhsccasebhes seenweds pega ekoas 1 
RO rye errr ey eee rere a 1 
PY NNN cas ciao obo 00% Dhiew Hm'oa end 000:4 450.0 1 
Number of drive mechanisms tested in laboratory......... 6 
ated cain cae kee kk aha Nad se OSs AHRENS 0045 42 e000 1 
ER ERS OTE RE Tee Cee Tr eT Tre reef eee ee 2 
NN en has sikén cen wsetheses bobdoaea bases 2 
ee a hn an inch prema dim Ae ki bee odes Ae ke oS ecaes 1 
Number of air-conditioned cars tested in hot room......... 14 
ES EE EEE Tee Te ee 7 
I SE EE ee. TET eT ee LER eT EO ee 1 
RS Ee ee ee et ere 6 
Number of railroads that conducted road tests............ 31 
Number of passenger cars on which road tests were con- 
ea es Sie eGs Code ee wh 1 sk KH 594 
Railroad-owned air-conditioned cars ...........eeeeee 434 
Railroad-owned non-air-conditioned cars ...........+0.. 40 
Pullman air-conditioned sleepers .............ee2eeee0s 120 


Percentage of railroad-owned air-conditioned cars tested to 
total number of railroad-owned air-conditioned cars as 
Of March 1, 1936 .....cccsccsccccccrescvvcscoscecs 18 


Approximate number of hours of road testing............ 5,200 
Approximate number of miles of road testing............ 240,000 
Number of passengers who submitted comments on con- 
ditions in air-conditioned cars while tests were being 
Eat ett trace Ca Tee eds ek Sa ERT Uh ea ea ale 5,453 
Approximate number of data readings recorded for all 
eee ee ee i re er reece e 250,000 
Approximate number of calculations made from recorded 
ser al aia’ tint pki, A etal ots isk lana is dle & os chal au, Ma anetiome < 85,000 
The analysis of costs is based upon an experience record 
of 1,608 cars for 1935 with a total car mileage of.... 178,259,768 








in order to subject each of the systems to uniform test 
conditions. 

Mechanical-Compression Systems—The performance 
of nine of the 12 mechanical-compression systems is 
shown in Table III. At a condenser air-temperature of 
90 deg. F. all but two of the mechanical-compression 
systems tested delivered their rated capacity. The 
Frigidaire failed to produce its rated tonnage by 0.39 


steam per hour. The range for the one steam system 
tested was 0.58 to 0.64 kw. per ton, and 30.5 to 34.6 
lb. of steam per hr. per ton of refrigeration, exclusive 
of the amount of condensate which ordinarily occurs in 
a train line. The electrical power required was ap- 
proximately one third of that required by the most effi- 
cient mechanical systems. Throughout the entire range 
of condenser air temperatures at the zero resistance pres- 
sure, the capacity of the steam-ejector system tested re- 
mained constant, and its rated capacity at the refrigera- 
tion unit was obtained. The system tested consisted of 
a Carrier steam ejector, Safety pumps and motors, a 
Carrier condenser, and Aerofin cooling coils (Carrier- 
Safety design). Its weight was 3,698 lb. 

Ice-Activated System—The ice-activated system tested 
consumed 0.17 to 0.21 kw. of electric power per ton of 
refrigeration and 76.7 to 78.3 lb. of ice per hr. per ton 
of refrigeration. The system delivered its rated capac- 
ity at a cold-water temperature of 41 deg. F. The sys- 
tem tested consisted of an American Car & Foundry 
bunker and cooling coils, a Worthington pump, and a 
Master motor. Its weight was 3,845 lb. with the bunker 
empty. 

Evaporative-Cooling System—The Fleischer evapo- 
rative cooling system produces no refrigeration. The 
system has limited possibilities with respect to cooling 
railroad passenger cars. This system will produce com- 
fort conditions only in those sections of the country 
where low wet-bulb temperatures prevail, or where only 
a slight temperature reduction is required. When used 
as a supplement to a refrigerating system it operates 
only as an air washer. The Fleischer system consumes 
1.22 kw. of electric power. The system tested consisted 








Table III—Power Requirements of 12 Mechanical Compression Air-Conditioning Systems Determined 
by Laboratory Tests 


Kilowatts per ton 
of refrigeration at 
air resistance 








pressures in inches Wt. in 
of water Ib. 
C A \ 
System Description in. of 
poo ——, water kw. 
; Compressor Condenser Evaporator Compressor Motor Expansion valve Zero 0.35 . 
1. Airtemp-York (5-ton) York Yor or Westinghouse Detroit Lubricator 1.35 1.43 2,795 
2. Carrier-Safety ....... Safety Aerofin (a) Aerofin(a) Safety Detroit Lubricator 1.48 1.57 3,030 
re Lipman Trane evapora- Trane Wagner Alco Constant 1.44 1.49 3,660 
i tive Pressure 
4. Airtemp-York (6-ton).. York gir oe aa York Westinghouse Detroit Lubricator 1.59 1.65 2,795 
tive 
5. Airtemp-York (7-ton) York York evaporative York Westinghouse Detroit Lubricator 1.62 1.66 2,795 
6. MVOrk woes eeceess York York evaporative York Fairbanks-Morse Detroit Lubricator 1.70 1.75 2,396 
7. General Electric ..... General Electric Trane (c) Trane (c) General Electric Detroit Lubricator 1.83 1.90 3,081 
"Se Frigidaire Frigidaire Frigidaire General Electric Frigidaire 1.96 2.03 2,375 
9. Waukesha-Sturtevant Ingersoll-Rand Trane with Super- Sturtevant Waukesha internal- Alco Thermostatic 4,050 
supercondenser ..... condenser Combustion engine 
10. Baldwin-Southwark De La Vergne Century 2.48 2.78 3,134. 
(Two units) 
11. Waukesha-Sturtevant.. Ingersoll-Rand Trane Sturtevant Waukesha internal- Alco Thermostatic ’ 
combustion engine 
12. Waukesha-Trane ..... Ingersoll-Rand Trane Trane Waukesha Internal- Detroit Lubricator 3,420 





(a) Carrier-Safety design. 
(b) Above 100 deg. Fahrenheit. 
(c) General Electric design. 


combustion engine 


———$$__— 





— 





ton, and the Waukesha, in the three installations tested, 
failed by amounts up to 2.28 tons. The steam-ejector, 
ice-activated, and evaporative-cooling systems were not 
included in Table III because their power requirements 
are of a different character and order. On the basis 
of power consumption these systems cannot be com- 
pared directly with the mechanical-compression systems. 
The only way in which such a comparison may be made 
is on a cost basis; this will be discussed later. 
Steam-Ejector System—The steam system requires 
both electrical power and steam, therefore, the power 
consumed is expressed in kilowatts and in pounds of 
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of an Air & Refrigeration Corporation evaporative 
cooler, a Worthington pump, a Master motor, and 4 
Clarage circulating fan. Its weight was 612 Ib. 


Drive Mechanisms 


The mechanical efficiency of six types of drive mech- 
anisms through which power is transmitted from the caf 
axle to the cooling equipment was determined during the 
tests. The mechanical efficiency of the drives tested (1 
cluding drive, generator, and compressor motor) wér 
obtained, as shown in one of the figures, for equivalent 
car speeds between 30 and 90 m.p.h. 
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The drives tested were (1) the Spicer Railway Car 
hypoid gear drive for a 20-kw. generator; (2) a Foote 
Brothers spur-and-bevel gear for a 10-kw. generator ; 
(3) Safety Car Heating & Lighting Company V-belt and 
bevel gear for a 20-kw. generator; (4) a Pullman drive, 
including speed control for operating the air-conditioning 
compressor; (5) a Jennings V-belt drive for a 10-kw. 
generator ; and (6) a Gerlinger friction drive for a 5-kw. 
generator. Loads used during the tests ranged from zero 
to 36 hp. for the 20-kw. drives, from zero to 18 hp. for 
the 10-kw. drives, and from zero to 10-hp. for the 5-kw. 
drive. The Pullman direct drive was tested at constant 
torques of 51 and 71 ft.-lb., with a speed-control setting 
of 42 m.p.h. The torque of 71 ft.-lb. is that required to 
operate an air-conditioning system at full capacity. 

In view of the trend toward higher train speeds, the 
comparison of the efficiency of the Pullman drive with the 
efficiencies of the other drives is significant. The Pull- 
man drive is normally adjusted so that slippage in the 
speed control starts at a train speed of about 42 m.p.h. 
Below that speed, the compressor is operated at reduced 
speed and, consequently, at reduced capacity. Adjustment 
of the speed control, together with changes in the gear 
ratio, will make it possible to increase the speed at which 
slippage starts. In some cases the speed-control setting 
has been advanced from 42 to 55 m.p.h. for high-speed 
trains in order to improve the efficiency in the upper 
range of speeds. This means some sacrifice in the cool- 
ing capacity at speeds below 55 m.p.h. Some railroads 
use a heavy oil and a high level of oil with the Pullman 
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Efficiencies of car-axle drives, including generator and compressor 
motor for electro-mechanical drives and speed control (Set for 42 
m.p.h. for Pullman direct drive) 


drive. A lighter oil and a lower oil level would increase 
the mechanical efficiency somewhat. 

The Gerlinger drive may be disregarded for air-con- 
ditioning purposes where mechanical-compression systems 
are used, because of insufficient capacity. — 

With belt drives the cost due to the loss of belts 
may be appreciable. This cost on one railroad, with 
fifty-nine cars and over a period of 32 months, was ap- 
proximately $6,000. Belt losses and breakages are due 
to many causes, among which are flying ballast and the 
accumulation of snow and ice on the pulleys. One rail- 
toad increased belt life from 29,000 to 44,000 miles by 
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Table IV—Total Cost Per 1,000 Car-Miles for Four Types of 
Air-Conditioning Systems for Railroad Passenger Cars for 
an Average Cooling Season of Five Months, an Average 
Train Speed of 50 M.P.H., and an Average Car Mileage 
of 150,000 Miles Per Year, Based on Experience of 16 Railroads 

















in 1935 
Electro- Direct- Steam Ice 
mechanical mechanical ejector activated 
Gross INSTALLATION CosT 
(a) Charged to investment 
account (gross) .... $6,110.00 $8,493.00 $8,242.00 $3,587.00 
(b) Charged to operating 
expense account 374.00 22.00 233.00 395.00 
TM kcvsccivenid $6,484.00 $8,515.00 $8,475.00 $3,982.00 
ANNUAL Fixep CHARGES 
(a) Investment: 
Depreciation at 12.5 
= OE.. <seednubace $763.75 $1,061.63 $1,030.25 $448.38 
nterest at 6 per cent. 366.60 509.58 494.52 215.22 
Taxes and Ins. at 1.5 
CO SS kinadcedoewe 91.65 127.39 123.63 53.80 
To in ead ie $1,222.00 $1,698.60 $1,648.40 $717.40 
(b) Operating expense: 
located over life of 
equipment at 12% per 
COE 6:5044a..shae decane 46.75 2.75 29.13 49.38 
Total annual fixed 
re $1,268.75 $1,701.35 $1,677.53 $766.78 
Totat Cost PER 1,000 Car-MizeEs 
(a) Fixed charges ...... $8.45 $11.35 $11.18 $5.11 
(b) Operation cost ...... .99 .93 1.02 5.29 
(c) Maintenance cost ... 3.33 2.33 2.15 .97 
WE se sicesseccres $12.77 $14.61 $14.35 $11.37 





increasing the diameter of the armature pulley from 
8 in. to 10 in., and using a 5-in. six-ply rubber belt. A 
gear-drive mileage of 350,000 has been reported with 
evidence of only ordinary wear. The outstanding record 
reported was for a combination belt-and-gear drive which 
has been in service five years without failure. The 
mileage to September 1, 1936, was 1,000,000. 


Cost Per 1,000 Car Miles 


The total cost of installing four different types of air- 
conditioning systems is shown in Table IV, together with 
the cost per 1,000 car-miles. The figures shown in this 
table were derived from those submitted by 16 rail- 
roads, and are based on an average cooling season of five 
months, an average car mileage of 150,000 miles per 
year, and an average train speed of 50 m.p.h. The cost 





Table V—Maintenance Cost of Air Conditioning—16 
Railroads in 1935 


Maintenance cost 
af 





a nace, 

Cost per 
Number Number of 1,000 

of units car-miles Amount car-miles 
Electro-mechanical .......... 391 35,557,629 $118,538.22 $3.33 
Direct-mechanical (Pullman).. 312 42,926,532 100,043.03 2.33 
UPN NEE 5 oc a sna sna 223 28,434,558 61,026.23 2.15 
ae er 527 48,771,407 47,139.34 97 





of maintenance, for 1935, was reported by the 16 rail- 
roads as shown in Table V. 

Comparative total costs per 1,000 car-miles of four 
different methods of air-conditioning railroad passenger 
cars for cooling seasons of three and ten months, for 
train speeds of 30, 50, 70, and 90 m.p.h., and for car 
mileages ranging from 50,000 to 250,000 are shown in 
Table VI. The influence of car mileage, train speed, and . 
length of cooling season upon the cost per 1,000 car- 
miles for each of the four air-conditioning systems can 
be readily observed from this table. 

From an analysis of such figures as given in Table 
VI it is evident that the economics of air-conditioning, 
from an operating standpoint, is affected by a number of 
factors, namely, (a) the length of the cooling period and 
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the atmospheric conditions prevailing during that period, 
(b) the average speed in miles per hour, and (c) the 
total number of car-miles per year. Because of this, a 
categorical statement cannot be made as to which sys- 
tem is the best from the standpoint of economics. In 
each case,.the selection has to be made on the basis of the 
prevailing operating circumstances to be confronted. 
Table VI has been prepared so that the total cost per 
1,000 car-miles may be determined in accordance with 
the character of the variables to be confronted. There 
is presented in Table VII a number of examples to illus- 
trate the use of Table VI. The costs shown in Table VII 
are based on the average speed in miles per hour and the 
car-miles per year which approximate the average sched- 
uled speeds and car-miles of typical trains in the several 
regions. The several regions are listed in accordance 
with approximate present practice with respect to the 
length of the cooling season. There is, of course, no 
sharp boundary line concerning these matters. 


Economics of Air Conditioning 
The foregoing cost figures bring forward the influence 
of the cost of installation, and therefore, of fixed charges 
upon the total cost of operation. 
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Undesirable inside temperatures and humidities observed during a test of an air-conditioned car 


The fixed charges for an ice system are the lowest of 
all systems. During cooling seasons of three and five 
months, the fixed charges of the ice system influence 
the total cost more than does the cost of operation ; hence, 
the total cost for the ice system is the lowest. However, 
with a cooling season of eight or ten months, the cost 
of operation of the ice system influences the total cost 
more than do fixed charges. This being the case, the ice 
system becomes more expensive than the electro-mechan- 
ical system. The fixed charges for the electro-mechanical 
system are less than all other systems, except ice. For this 
reason, the total cost of operation of the electro-mechani- 
cal system for cooling seasons of eight and ten months is 
the lowest of all the systems. 

The foregoing discussion of the ice and electro-me- 
chanical systems focuses attention upon the importance of 
the gross cost of installation. It is the gross cost of 
installation which must be reduced if a material reduction 
in the total cost per 1,000 car-miles is to be accomplished. 

It is recognized that in selecting an air-conditioning 
system there are other factors than cost which must be 
considered. These are reliability, adequacy of results 
obtained, terminal facilities, and other matters. However, 
gross installation costs and total operating costs per 1,000 


Outsi 


side Humidity 
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Desirable inside temperatures and humidities during a 25-hr. run of an air-conditioned car 
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Table VI—Comparative Total Cost Per 1,000 Car-Miles of 
Four Different Methods of Air Conditioning Railroad 
Passenger Cars for Cooling Seasons of Three and 
Ten Months 


Cost per 1,00 car-miles on the basis of the 
following car-miles per year: 





50,000 100,000 150,000 200,000 250,000 
Train speed of 30 m.p.h.: 

Electro-mechanical: 

Three months $29.89 $17.20 $12.96 $10.85 $9.58 
Ten months ...2. 30.73 18.04 13.80 11.69 10.42 

Direct-mechanical: 

Three months ..... 37.47 20.46 14.80 11.95 10.25 
Ten MONINS +c 38.09 21.08 15.42 12.57 10.87 

Steam ejector: 

Three months .... 36.95 20.18 14.58 11.79 10.10 
Ten months «2. 37.57 20.80 15.20 12.41 10.72 

Ice activated: 

Three months .... 21.74 14.08 11.52 10.25 9.49 
Ten months ...... 32.81 25.15 22.59 21.32 20.55 
Train speed of 50 m.p.h.: 

Electro-mechanical: P , 
Three months .... 29.56 16.87 12.63 10.52 9.25 
Ten months ...... 30.07 17.28 13.14 11.03 9.76 

Direct-mechanical: 

Three months .... 37.16 20.15 14.49 11.64 9.94 
Teh MOMS 226600 37.58 20.57 14.91 12.06 10.36 

Steam ejectors: 

Three months .... 36.62 19.58 14.25 11.46 9.77 
Ten months ...... 36.99 20.22 14.62 11.83 10.14 

Ice activated: 

Three months .... 19.70 12.04 9.48 8.21 7.44 
Ten months ...... 27.17 19.51 16.95 15.68 14.91 
Train speed of 70 m.p.h.: 

Electro-mechanical: 

Three months .... 29.50 16.81 12.57 10.46 9.19 
Ten months ...... 29.88 17.19 12.95 10.84 9.57 

Direct-mechanical: 

Three months .... 37.17 20.16 14.50 11.65 9.95 
Ten months ...... 37.64 20.63 14.97 12.12 10.42 

Steam ejector: 

Three months .... 36.57 19.80 14.20 11.41 9.72 
Ten months ...... 36.84 20.07 14.47 11.68 9.99 

Ice activated: 

Three months .... 18.88 11.22 8.66 7.39 6.62 
Ten months ...... 23.62 15.96 13.40 . 12.13 11.36 
Train speed of 90 m.p.h.: 

Electro-mechanical: 

Three months .... 29.63 16.94 12.70 10.59 9.32 
Ten months ...... 29.94 17.25 * 13.01 10.90 9.63 

Direct-mechanical: 

Three months .... 37.31 20.30 14.64 11.79 10.09 
Ten months ...... 37.83 20.82 15.16 12.31 10.61 

Steam ejector: 

Three months .... 36.73 19.96 14.36 11.57 9.88 
Tem months ...26% 36.94 20.17 14.57 11.78 10.09 

Ice activated: é 

Three months .... 18.57 10.91 8.35 7.08 6.31 
Ten months ...... 22.26 14.60 12.04 10.77 10.00 


Eprtor’s Note: This table is a composite of two tables found in the 
.A.R. summary report. It has been compiled to show the spread in cost 
per 1,000 car-miles of the four air-conditioning systems between seasons 
of three and ten months duration. The A.A.R. summary report also 
contained tables showing the cost per 1,000 car miles for seasons of five 
and eight months. : 





Table VII—-Average Cost Per 1,000 Car-Miles of Four Differ- 





ent Methods of Air Conditioning Passenger Cars for 
Cooling Seasons in Various Locations of the United 
States and Canada* 


Average Cost per 1,000 car-miles for seasons 
of the following lengths: 
~~ ese 





: 3 months 5 months? 8months® 10 months ¢ 


Electro-mechanical - $12.63 $12.77 $12.99 $13.44 
Direct-mechanical ....... 14.49 14.65 14.78 14.91 
Steam ejector .........- 14.25 14.35 14.51 14.62 
Sl eae 9.48 11.37 14.22 16.95 


* Values in this table are based on the average speed in miles per hour 
and the car-miles per year which approximate the averaged scheduled 
pants and car-miles of typical trains in the several regions listed as 
OllOoWS: 

1 New England, Great Lakes, and Northwestern. 

2? Great Lakes, Central Eastern, Pocahontas, and Northwestern. 

® Pocahontas, Southwestern, and Central Western. 

* Southern, Southwestern, and Central Western. 

_ These regions are listed in accordance with approximate present prac- 
tice with respect to cooling seasons. 7 

Epitor’s Note: This table is not found in the A.A.R. summary ‘re- 
—_, but has been compiled from data in the report to facilitate pres- 
entation. 








car-miles are dependable units of measurement and, 
hence, due weight should be accorded them. This is 
especially true in the light of the large potential invest- 
ment confronting the railroads through an increase in 
the number of cars to be air conditioned. In considering 
the economics of air conditioning, it must be remembered 
that the overall cost, efficiency, and economy of any air- 
conditioning system may be markedly affected by the 
cost, efficiency, and economy factors associated with each 
element of the system. For instance, a given air-condi- 
tioning system may be composed of a combination of 
parts such that the gross installation cost, efficiency, and 
economy of the system will be all that could be expected. 
If a substitution is made for some parts, which substi- 
tuted parts do not rank equally with those replaced, it 
may be found that the overall cost, efficiency, and econ- 
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omy are much less favorable than they were in the first 
case. This means that in selecting and purchasing an 
air-conditioning system, the purchase price, efficiency, 
and economy of each part should be considered care- 
fully. Otherwise, there may be no assurance of the 
merits and the reasonableness of the cost of the system 
selected and purchased. 

The Waukesha system was not included in the fore- 
going economic analysis because only one installation was 
made prior to 1936. An effort will be made to obtain the 
necessary information concerniug the 1936 installations 
upon which to base an analysis. 


Factors Relating to Passenger Comforts 


Variations in conditions in 302 air-conditioned cars 
were determined from data gathered by 20 railroads 
during regular service runs made from August 1 to Sep- 
tember 15, 1936. It was found that a temperature be- 
tween 72 and 76 deg. F. has been selected as most desir- 
able to maintain relative humidity with the range of 30 to 
60 per cent., and that a relative humidity of 70 per cent 





Table VIJI—Analysis of the 4.4 Per Cent of Passenger 
Comments Which Were Unfavorable 


Number of Percentage of 

comments total comments 
SO os os cake ncn ehisadw ence 75 2.7 
ED I MENIID ss: ginio:0:4.5 04 0 0-0:0 84 oS 014004 505 17.9 
NS gc). cas Sea eeausn inn ase dsesse 51 1.8 
NEE NE, WOUND 5b ais wins viowjen en serena egak 530 18.7 
CEE Dithianiauisstenet seen annasihgusess 113 4.0 
ENT sod sSolee Wak 05 604 abuasuibawesciaweeete 240 8.5 
DE ih ad a Seika ATA deine bia aw nienade 197 7.0 
EE edu bee de kekinsm as Chip niadca eens 4040-5 196 6.9 
ce ee ee eee 205 7.3 
COSMO: ROE Oo o54-54 x 0 'sn:k oa 40:5.0:5-0189\0. 010 140 5.0 
Excessive tobacco smoke .......cccssecccces 135 4.8 
Too much heat from sunshine through windows 435 15.4 
Total number of unfavorable comments... 2,822 100.0 





is undesirable. The prevailing thought appears to be 
that the desirable air movement within an air-conditioned 
car is 25 to 75 ft. per min., and that the maximum 
permissable is 120 ft. per min. 

The average volume of fresh air in cubic feet per 
minute delivered into the cars through the cooling system 
during the tests was determined for each of 114 runs. 
The average for the runs varied as follows: Less than 
200 cu. ft. per min. for 10 runs; from 200 to 399 cu. ft. 
per min. for 43 runs, from 400 to 599 cu. ft. per min. 
for 41 runs; from 600 to 799 cu. ft. per min. for 16 runs; 
and 800 cu. ft. per min. and over for 4 runs. Typical 
conditions of inside temperature, outside temperature, 
and humidity in air-conditioned cars are shown in two 
of the figures. 

Temperature and Humidity Control—The process of 
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Car equipped with instruments for test of air-conditioning system. 


Light bulbs are used to deliver sensible heat. Insulated water pots 
in the aisles are used to deliver latent heat. Thermometers are 
located at duct outlets at the car roof. Thermocouples are used to 
obtain surface temperature of the car. Panel board is shown in the 

background 7 


cooling cars, like that of heating, requires some form of 
temperature control. The optimum comfort in air-con- 
ditioned cars will not be attained until the control prob- 
lem is solved. The solution of the problem will also con- 
tribute to a reduction in operating costs. There are 
three general types of controls: Manual, semiautomatic, 
and automatic. The latter two are accomplished by 
various means. These will be discussed at length in the 
engineering report (this will be submitted at some later 
date by the A.A.R). The manual.type of control is 
highly unsatisfactory. If uniform and regular performance 
is desired, it should not be used. The semiautomatic 
type is a marked improvement over the full manual, but 
the human element is associated with it. The elimination 
of this element is desirable. The automatic types have 
not been perfected to the degree desired. There is much 
development work necessary. There are those who feel 
that a form of modulated temperature control is needed. 
Such a type of control would automatically maintain 
within the car a predetermined number of degrees lower 
temperature than the outside temperature. A successful 
control of this type would mark a real advance in air 
conditioning. Temperature control is inseparably asso- 
ciated with humidity control. There is a diversity of 
opinion as to the need for humidity control. Most authori- 
ties agree that some type of humidity control is advisable. 
Filters—An important advantage of air conditioning 
passenger cars is cleanliness. The cleaning is done by 
passing air through the filters, which are not only im- 
portant from the viewpoint of cleanliness, but also with 
respect to odors. The filter problem is indicated by the 
many different types being used. They are either dry or 
impregnated with oil of varying viscosity, and are made 
of spun bronze wool, not coated; series of wire screens 
of progressive decrease in mesh, oil coated; metal shav- 
ings packed in a frame; spun glass; copper sprayed with 
oil impregnated hair; oiled paper; perforated cardboard 
coated with oil; and others. They range in price from 
65 cents to $17.00 each. The filter is too important an 
element with respect to cleanliness, odors, and operation 
costs to be neglected. There is a real need for a thorough 
and exhaustive study of the entire filter situation. 
Odors—The problem of odors is universal. Some 
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railroads have had reasonable success in reducing them. 
Odors result mainly from gas or smoke from the locomo- 
tive, tobacco smoke, body odors given off by passengers, 
improperly maintained toilets, refuse thrown on the floor 
by passengers and from cooking and garbage in the 
dining cars. Odors are aggravated by humidity in excess 
of 60 per cent within the car and by an excessive use of 
disinfectant. Tobacco smoke, dust, and moisture pro- 
duce a sour smell in the cooling coils if they are not 
cleaned often enough. Filters become impregnated with 
nicotine and grease, and odors result if they are not 
frequently cleaned or renewed. From the use of oil on 
the filters, a gummy substance settles in the ducts which 
absorbs odors from cosmetics, tobacco, garbage, and other 
material. Deodorants have been used with varying suc- 
cess. The use of ozone has been widely discussed as a 
purifying agent. Its value is doubtful. 


Passenger Reactions and Comments 


One phase of the road work was to ascertain the 
reactions of passengers to the conditions prevailing in the 
air-conditioned cars. At the time the road engineers were 
making observations in a car, each passenger was given a 
card. This card requested the passenger to cooperate in 
making the study by indicating thereon his reaction to a 
number of factors, such as temperature, odors, and the 


like. An analysis of these comments appears in 
Table VIII. 


Dynamie Stresses in 
Freight-Car Design 


(Continued from page 101) 


alloy steel or other materials, he knows what further 
weight reductions can be made, taking into account higher 
permissible stresses and their corresponding deflections. 

He knows how to iron out peak stresses and deflec- 
tions and how to avoid or cushion the reversal of 
stresses. He knows how to avoid dynamic, as well as 
static, stress concentrations. He knows how to make 
the structure approach unitary action. 

He appreciates the fallacy of considering all members 
of a built-up structure of equal value. The fewer the 
parts, if the design properly locates them, the lighter 
and better the structure, i.e., with the above qualifica- 
tions, the closer we approach the unit structure the bet- 
ter off we are. You can’t put a lot of members together 
by any known method and hope to get results corre- 
sponding to the sum total of these members, no matter 
what materials or methods of construction are used. As 
just one proof of this, the new A. A. R. center sill is an 
example of a unit member which has a cross-sectional 
area of approximately 21 sq. in. This sill, under the 
same testing conditions, gave a better account of itself 
and was subjected to higher impact speeds than the 
built-up riveted A. A. R. center sill, composed of three 
members having a cross-sectional area of 28 sq. in. 

A freight car at rest is only of passing interest; the 
same may be said of static stresses and deflections ; cars 
must be designed and built for service or dynamic 
stresses. Take two 50-ton cars, loaded to journal capac- 
ity, with one car moving at a rate of six to seven miles 
an hour and striking the other car at rest. What liap- 
pens? The car structure must absorb or transmit im- 
pact forces for all speeds above this. Did it ever occut 
to you that a proper car structure might minimize dam- 
age to lading? 

The reasons for putting so much emphasis on the 
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necessity of constructing cars to meet the dynamic forces 
must be evident. Light-weight freight cars are the goal 
which we are approaching. This means that every pound 
in a car or truck structure must be there because it is 
needed, and it must be where it is needed. In the end, 
using only the required amount and the proper placing 
of this material means lower first cost to the railroad and 
an increase in ratio of lading capacity to light or tare 
weight, with attendant reduction in operating cost, which 
is the economic urge. 


High-Pressure Locomotive 
Safety Valves 


Its FG-10 muffled and FC open pop locomotive safety 
valves, which were developed to meet the condition of 
increased evaporating efficiency on high pressure loco- 
motive boilers, are reported by the Ashton Valve Com- 
pany, Boston, Mass., to have operated successfully for 
a period of over five years in road tests on locomotives 
carrying pressures up to 300 lb. sq. in. The valves have 
operated throughout this period without the necessity of 
the renewal of any parts. 

The general construction principles are the same as 
the regular Ashton locomotive safety valves, being pro- 
vided with wide wing guides in the bottom section and 
a sleeve guide at the top to keep the wing guide in align- 
ment. The springs are guaranteed for five years when 
used for the pressure for which they are constructed. 

The valves, built on the bolted body principle, are pro- 
vided with pop regulators for adjusting and regulating 
the pop. These regulators are always accessible, re- 
quiring no special wrenches, and function on the same 
principle as an ordinary globe valve. No rings or sleeves 
are required for regulating blowback. 


Steam-Operated 
Cylinder Cock 


A steam-operated cylinder cock with a large opening 
from cylinder to atmosphere, equivalent to the capacity 
of 11%4-in. pipe, has been placed on the market by the 
T-Z Railway Equipment Company, Chicago. The use 
of steam instead of air as an operating medium is said 


Sectional views of the T-Z 
steam-operated cylinder cock 
and cab operating valve 





Steam Operating Valve Located in Cab 


Shown in closed position 


to make the device more positive and reliable in action 
and eliminate the possibility of air defects. 

"he new cylinder cock is controlled both manually 
and automatically. Manual operation is obtained through 
a rotary cab-operating valve which, in closed position, 
admits steam at boiler pressure onto a differential pis- 
ton which holds each cylinder cock closed against cylin- 
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der pressure. When the cab valve is moved to open posi- 
tion, boiler pressure is shut off from the cylinder cock 
steam chamber and the latter exhausted to the atmos- 
phere, when the cylinder cock will instantly open by the 
action of cylinder pressure on the differential piston. 
The cylinder cock also automatically opens by pressure, 
due to compression, water, etc., above a pre-determined 
amount, thus eliminating possible damage to cylinder 
heads and reciprocating parts. 

With the cab valve in open position and the main 
throttle closed, as in the enginehouse, the cylinder cock 
automatically opens by means of a stainless steel com- 
pression spring about the differential piston aided by a 
slight accumulation of cylinder pressure, thus prevent- 
ing accidental movement of the locomotive. 

The adjusting screw in the cap permits the cylinder 
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Section through the cylinder cock 


cock to be clamped closed in the event of a broken steam 
pipe thereto, and for testing superheater units and cyl- 
inders. Freezing is prevented and cylinder lubrication 
improved when drifting by providing a slight circulation 
of live steam about the differential piston which steam 
passes into the cylinder instead of the atmosphere and 
therefore cannot impair clear forward vision. 

This type of cylinder cock is suitable for right or left 
application by reversing the 1%4-in. pipe plug at the 
cylinder connection. This plug affords an additional ad- 
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vantage, since by its removal, dirt and carbon can be — 
blown from the cylinder without disturbing the cylinder 
cocks or piping. 

The design provides maximum clearance above the 
rail to reduce the liability of being knocked off by road- 
way obstruction. It is also applicable to cylinder ex- 
haust channels and receiver pipes of Mallet locomotives. 
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Meehanieal Engineer 
Of Distinction 


Sir John Aspinall, who died in England, January 19, 
at the age of 85, means little, if anything, to the present 
generation of railway mechanical executives in this 
country, and yet in Great Britain his ability and achieve- 
ments in that department are highly regarded, despite 
the fact that he was promoted to the position of general 
manager of the Lancashire & Yorkshire as far back as 
1899. He was chief mechanical engineer (head of the 
mechanical department) on that road from 1886 to 
1899, assuming that office at the age of 35. 

It was while in that position that he built the great 
shops at Horwich. The first new locomotive was com- 
pleted in 1889 and in the ten years which followed, 667 
locomotives of various types were built under his di- 
rection. These included his Atlantics, among the earli- 
est of that type to be constructed. 

As general manager of the road he made a splendid 
reputation as an administrator, but he never lost inter- 
est in engineering problems. It was under his direc- 
tion that the electrification program was started, the 
completion of the electrification of the Liverpool & 
Southport in 1904 marking the first “main line” elec- 
trification in the United Kingdom. 

Sir John retired from the general managership in 
1919. He was knighted in 1917. Many years ago he 
was made an honorary member of the council of the 
British Institution of Mechanical Engineers—a signal 
and unusual honor—and in that capacity regularly at- 
tended all council meetings. He was recently awarded 
the first International James Watt Medal; unfortu- 
nately he died only a few days before the actual pres- 
entation was to be made. 

He was indeed a grand old man and apparently was 
held in much the same high regard and affection among 
the engineers of England as is Ambrose Swasey among 
the engineers of this country. 

That fine human understanding is not divorced from 
technical ability is indicated by the following rare tribute 
which was paid to him by The Engineer (London) : 
“To give a list of his works would be merely tiresome, 
and now, when we are mourning his death we prefer 
to think of his qualities as a man, his rare and courtly 
charm, his ability in the selection of the right men for 
the right positions, the gentle skill with which lie trained 
them, and the encouragement with which he guided 
them. .. . There are men of firm conviction who gain 
their way by force of character; there are others, and 
Aspinall was amongst them, who persuade others to be 
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of the same mind as themselves. To them is given a 
greater inheritance in the hearts of their friends.” 

And there is great need for such executives in all 
departments of the railways and industries in these 
days, when employer and employee relationships are 
of so vital import. 


What the 
Passenger Thinks 


The effort which has been exercised in recent years to 
modernize passenger train equipment; the introduction 
of high-speed trains, including those of the streamlined 
type; and the rebuilding of old cars for use on crack 
trains, has thrown out into strong and positive relief 
the shortcomings and inadequacy of the older equip- 
ment. An article in a recent number of the Railway 
Age by Clarke A. Richards on “See Yourself as Your 
Passenger Sees You,” has started a spirited discussion 
on the inadequacies of passenger service. 

That the railroads are good sports and not averse to 
constructive criticism is indicated by the fact that they 
have ordered thousands of reprints of the article for 
distribution to their employees. Incidentally, many of 
the so-called “railway fans” have taken issue with some 
of Mr. Richards’ comments, or have come to the sup- . 
port of the railways in an attempt to explain them. 
Even a railroad enthusiast, however, cannot explain 
away facts. 

While courtesy and service come in for criticism, in- 
adequacies in the equipment and facilities are not over- 
looked. Antiquated day coaches, poor illumination, 
filthy toilet facilities, bad ventilation, artistic but in- 
sufficient baggage racks, and dirty coaches are matters 
for which the mechanical department is wholly or par- 
tially responsible. 

The facts are clear enough; indeed they are admitted 
on many roads. The problem is what to do about it. 
The railroads need business. Improvements thus far 
made, coupled with lower passenger rates and better 
business conditions, have demonstrated that more up- 
to-date equipment is appreciated. Living conditions 
have steadily improved in this country and the dirty, 
poorly lighted and uncomfortable equipment cheerfully 
tolerated not so many years ago, will not be put up 
with or, if it is necessary to use such trains, these con- 
ditions will be resented and the patrons will be critical 
and dissatisfied. 

New equipment is being purchased, but it will take 
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a long time to.retire all of the older cars. Wonders can 
be done, however, at a reasonable and justifiable cost, 
if there is the will to do it. Much depends on the in- 
genuity and resourcefulness of the mechanical depart- 
ment in finding ways and means of making the coaches 
more attractive and comfortable, and in keeping them 
clean and orderly. 


Research 
Defined 


During the depression the railroads were subjected to 
much criticism for their alleged failure to employ “scien- 
tific research” in the improvement of their physical 
plant. Owing to the dramatization of the more or less 
spectacular developments which have come from scien- 
tific and engineering research laboratories, the impres- 
sion became strong in the popular mind that the rail- 
roads were unprogressive because they had no research 
laboratory in their front yard. Worse than this, a num- 
ber of eminent scientists, some pedagogic and some in- 
dustrial in their affiliations, followed the same uncritical 
thought process to the same illogical conclusion and, 
with evangelic zeal, took it upon themselves to convert 
the railroads to “science.” They were dealt with very 
neatly by Coordinator Eastman. 

The two greatest difficulties in the way of a clear un- 
derstanding of the relationship between research and 
the railways have been the lack of a suitably qualified 
and generally accepted definition of the term “research” 
and the failure to distinguish the fundamental differ- 
ence in approach to research by the railroads, who are 
not manufacturers, but purchasers, of their physical 
facilities, and other industries in which research has 
been extensively employed in the development of com- 
modities which the industries produce for sale or for 
their own use. In a paper presented before the Febru- 
ary meeting of the New England Railroad Club, L. W. 
Wallace, Director, Equipment Research Division, Asso- 
ciation of American Railroads, has performed a useful 
service by clearing away both of these difficulties. 

Mr. Wallace points out that “the railroad industry is 
a service industry. It is not a manufacturer. It is not 
a research agency. It is not a producer of the com- 
modities it uses. Its relation to the commodities it buys 
and uses is that of a consumer—a purchaser.” Con- 
tinuing, Mr. Wallace says: “The fundamental back- 
ground or foundation of all the things which the rail- 
road uses is the sum total of the research, development 
work, engineering ability and experience of all of the 
producers of the 70,000 commodities which the indus- 
try uses, plus its own 100 years of research, develop- 
ment work, engineering and experience.” 

In defining research as it applies to the development 
of physical facilities, Mr. Wallace suggests three simple 
classifications a clear understanding of which should do 
much to eliminate fruitless discussion and misunder- 
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standing of the relationship of the railroads to research 
He proposes the term “fundamental research” to take 
in those research activities, the objective of which is to 
discover the basic principles underlying the universe 
and the circumstances of life. “Their primary interest 
is not to increase the financial assets of the world,” he 
says, “but to broaden intellectual horizons.” His sec- 
ond category is “creative research,” the primary ob- 
jective of which “is to discover, invent or produce new 
materials, new processes, new equipment or to find new 
uses for existing materials and equipment.” Creative 
research, he says, might be called “producers’ research,” 
leading to the manufacture and sale of new and im- 
proved materials and equipment. Third, he proposes 
“applied research,” the primary object of which is “to 
determine ways and means of applying to the solution 
of concrete problems the knowledge, material, equip- 
ment and processes made available by fundamental and 
creative research. It is a process whereby the pur- 
chaser or consumer may select intelligently the mate- 
rials, equipment and processes best suited to his pur- 
poses and needs, to the end that increased efficiency, 
economy and safety may be realized in daily opera- 
tions.” 

Further on in his paper Mr. Wallace develops clearly 
the fact that the railroads, like all consumers, are de- 
pendent upon the progress made by those who manu- 
facture and sell the things which the railroads pur- 
chase. He also points out that, as the railroads in- 
terest themselves in the possibilities for the adaptation 
of new equipment or materials or functions to the pur- 
poses of railway transportation, research and develop- 
ment work are stimulated along many fronts in the in- 
dustrial world. Thus is clearly suggested the effect of 
mutual stimulation of the applied research conducted by 


. the railroads and the results of the creative research 


conducted by the manufacturing industries. Although 
less publicised than now, this relationship has been a 
commonplace of the railway industry throughout the 
century and more of its history. If it were to be 
written, that history would be a complete record of the 
advances in applied science and engineering method 
along America’s entire industrial front. 


Eeonomy in Freight- 
and Passenger-Car Design 


A study of the age distribution of freight-car inventory 
in the United States as of January 1, 1936, reveals that 
there were 763,863 freight cars more than 20 years old; 
298,695 cars more than 16 years old ; 431,991 cars more 
than 11 years old; and 279,957 cars more than six years 
old. The depression necessitated the use of many cars 
which normally would have been retired, and caused 
some of the poorest years in the annals of car-building 
history. With recovery from the depression well under 
way and, with the possibility that freight and passenger 
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cars will be built in increasing numbers, the railroads 
are facing decisions which will determine the extent of 
the savings to be effected by using materials for car 
construction which will reduce the tare weight of the 
cars, increase their capacity and reduce maintenance 
costs. During depression years, usually conceded as 
being the time when engineering development reaches 
its highest levels, low-alloy high-tensile corrosion-re- 
sisting steels have been developed which fit the specific 
need in the transportation field for effecting these sav- 
ings in car construction. This fact has been appreciated 
by many railroad mechanical officers. 

These high-tensile steels can be used in lighter sec- 
tions than regular carbon steels for the same service 
because of the superiority of their physical and cor- 
rosion-resisting properties. The stress at the yield point 
of the high-tensile steels is usually between 50,000 Ib. 
and 60,000 Ib. per sq. in., whereas the yield point for 
low-carbon steels ranges between 25,000 Ib. and 35,000 
lb. per sq. in. The ultimate stress of between 65,000 
lb. and 90,000 Ib. per sq. in. for the high-tensile steels 
compare with ultimate stresses between 48,000 Ib. and 
65,000 Ib. for regular carbon steels. The atmospheric 
corrosion resistance of the high-tensile steels, which is 
in some cases four to six times the resistance of plain 
steel, and its greater yield strength can be utilized for 
car construction in three ways: (1) In sections equal to 
regular carbon steel to reduce maintenance costs and 
lengthen the life of the car structure, with no reduction 
in weight; (2) in reduced sections to decrease the 
weight and increase the payload capacity, but with the 
same strength and same probable length of life as exist- 
ing equipment, and (3) a compromise between (1) and 
(2), giving both a substantial increase in service life 
and a substantial decrease in weight. 

In a discussion of savings to be effected by light- 
weight car construction using high-tensile steels, which 
followed one of the papers presented at the February 19 
meeting of the New York Railroad Club, it was stated 
that such steels could not be used economically for car 
construction until the cost was approximately that of 
regular carbon steels. However, further discussion of 
the subject revealed that, when the cost of high-tensile 
corrosion-resistant steel is considered with relation to 
the strength of such steels, that is, the cost per unit 
strength, some high-tensile steels on this basis cost less 
than regular carbon steels. This is now the case be- 
cause the cost of plain carbon steel has been advanced 
twice in the past two years while the cost of the high- 
tensile steels has remained the same, which fact was 
brought out in the discussion referred to above. 

Che tare weight of freight and passenger cars which 
must be moved in order to transport revenue loads is of 
vital importance to every carrier. Of equal importance 
is length of the life of the cars and the cost of main- 
taming them. Improvements in all these factors are 
being effected by the high-tensile corrosion-resistant 
steels, and they will undoubtedly have an increasing ap- 
plication in future car construction. This is evidenced 
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by the fact that over 10,000 cars have already been 
built utilizing these steels. 


NEW BOOKS 


Steam Locomotive DesicGN: Data AND FORMULAE. 
By E. A. Phillipson, Assoc. M. Inst. C. E., A. M. I. 
Mech. E., M. I. Loco. E. Published by the Loco- 
motive Publishing Co., Ltd., 3, Amen Corner, E. C. 4, 
London, England. 420 pages, 5% in. by 8% m., 
illustrated. Price, $7.50. 

The author has endeavored in this book to include only 

the essential theory of heat engines and application of 

mechanics, and to avoid repetition of the most elemen- 
tary principles and abstruse academic theories which 
have but limited application to everyday practice. It 
is written in terms of British practice. Historical de- 
tails and descriptive paragraphs are avoided, except 
where they affect present-day considerations of design. 
While the subject is treated largely from the viewpoint 
of the locomotive engineer, the book has been written 
to provide a reference on design for all those con- 
cerned with the construction, operation and maintenance 
of the steam locomotive and to meet the needs of the 
designer and the more advanced student for a text 
book covering the subject in the light of recent research 
and current practice. There are twelve chapters deal- 
ing with factors which must be considered before the 
design of the locomotive is begun ; tractive force, power, 
adhesion and resistance ; determination of principal di- 
mensions; boiler design; superheating and feedwater 
heating; compounding, etc. Numerous drawings of 
details, etc., are provided, and an Appendix presenting. 
ultimate tensile strength and other particulars of ma- 
terials for locomotive construction as specified by the 
British Standards Institution. 


DEVELOPMENT OF Drart GEARS FOR AMERICAN 
Freicut Cars. By Wm. E. Gray and C. W. Mes- 
sersmith. Published by Purdue University, Lafay- 
ette, Ind. 150 pages, paper bound. 

This book is a review of the developments leading up 
to the modern freight service draft gear. It brings into 
one book comprehensive information regarding practi- 
cally all early types of draft gears as well as more mod- 
ern types, this information having been available here- 
tofore only in widely scattered sources. No effort is 
made to furnish operating characteristics or perform- 
ance data on the various draft gears described. As 
stated in the foreword, few devices have been the object 
of greater inventive effort than the friction draft gear 
and over 12,000 patents have been issued up to 1927. 
An effort has been made to exclude draft gears which 
existed only in patent drawings and to include all draft 
gears actually constructed, but some have doubtless 
been omitted in cases where the builder, either through 
choice or neglect, failed to make a record. A new and 
hitherto unused system of classifying draft gears on 
the basis of type of gear action is suggested. 
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The mails bring many interesting and per- 
tinent comments to the Editor’s desk during 
the course of a month. Here are a few that 
have strayed in during recent weeks. 











Railroad Hobbyists 


Many hobbies have sprung up over night, only to die away in 
a few weeks, and make a goodly number skeptical about model 
railroading. The patience, skill and investment required in this 
hobby classes it beyond a “fad”. When the newcomer has com- 
pleted a freight engine, that calls for freight cars and the 
caboose, then the passenger power and the cars, then the shunting 
locomotive, more track, switches, signals, still more freight cars. 
It is easy so see that the model line is infinite. 


Make It Fool Proof 


I agree with you as to the advantages of air conditioning pas- 
senger cars, but in my opinion we still have a long way to go— 
on some railroads at least. The apparatus must be so improved 
as to be fully automatic and not require any adjustment or tink- 
ering on the part of the train employees. Something is surely 
wrong when passengers are made extremely uncomfortable be- 
cause of too great a spread. between the inside and outside tem- 
peratures. I don’t think much of the judgment of some em- 
ployees in regulating the temperatures. 


Failures of Locomotive Parts 


With particular reference to the writings of F. H. Williams, 
‘covering failures of locomotive parts, we feel that this is pre- 
sented in an able manner and shows the extent to which locomo- 
tive parts should be designed, machined and later inspected to 
avoid sharp edged corners and tool marks on finished surfaces, 
to insure desired service life of manufactured articles. Further- 
more, we agree that the chemical and physical laboratory tests 
are necessary and important in railroad operation, through which 
medium the cause and reason for failures can be determined, and 
either improvement of design or better material offered to 
avoid repeated failure. 


Skilled Workers Needed 


It seems to me you should put still greater stress in your col- 
umns on the vital necessity of recruiting and training young 
men for the various trades and occupations in the mechanical 
department. Many of the railroads gave up this effort almost 
entirely during the depression. The shops were frequently 
closed for long periods, or ran on short time. Forces were cut 
down drastically, the older men being favored on a seniority 
basis. Many of these older men have since retired or have gone 
into other work. We are hard up against it now for skilled 
workers and our problem is not made any easier by the fact 
that the other industries were first to recover and have exhausted 
the supply of skilled labor. True, many men are still out of 
work and dependent upon their communities for subsistence. But 
‘these are largely unskilled laborers. In this group are too many 
young men who have never had a chance to learn a trade. Still 
other young men are coming along who need such training. The 
railroads must do their part in helping to develop these men for 
future usefulness, and they will be sorely needed when prosperity 
gets back into full stride. It is unfortunate that more roads did 
not follow the example of the Missouri Pacific in maintaining 
apprentice training throughout the depression; the wisdom of 
that accomplishment is now becoming evident. 
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Gleanings from the Editor’s Mail 


Eyes That Do Not See 


Strange, is it not, that we get into such ruts that we fail to 
see the foolishness or inefficiency in blindly following practices 


to which we have become accustomed? Possibly they were all 
right when they were inaugurated, but changing times have made 
them hopelessly out-of-date. Doubtless this is because our rail- 
road organizations are so large and cover so much territory, al- 
though I have noticed the same failing in small industrial or- 
ganizations, where all the operations were under one roof and 
where there was keen competition for business. One reason why 
I cannot get along without the Railway Mechanical Engineer is 
that it is concerned chiefly with informing us about the newest 
and latest developments and practices. ‘It jolts me out of my 
self-complacency. And, sometimes, when you do get a good 
stiff jolt and wake up, the discarded practices look almost ridic- 
ulous. What fun a skillful cartoonist could have im showing 
up our weaknesses. It would be grim humor, but you might 
even start a column on commonplace practices which are all 
wrong. A suggestion box on one road has proved helpful in 
this respect. 


Car Failures on Line 


The big problem in the car department, and it seems to be 
getting worse rather than better, is the failure of various car 
parts in service, no matter how carefully they are inspected 
before leaving the terminal. These cause bad train delays; they 
may be classified as follows: 

1—Car journals run hot. 

2—Brake beams drop down, usually because of broken brake 
hangers (a new defect). Also broken brake heads, and broken 
brake-beam truss rods and fulcrums. 

3—Trains break in two. This is not always caused by high 
and low couplers. Sometimes a knuckle may open without any 
apparent defect; indeed, when recoupled the train may run 150 
miles or more to destination without further trouble. 

4—Brakes stick after brake applications are made while the 
train is in motion, and sometimes after the so-called running 
test is made. Train lines also sometimes break. 

5—Broken couplers and draft gears. 

6—Broken arch bars and truck side frames. 

7—Cast-iron wheels, because of shelling, brake burns, worn 
through chill, slid flat, etc. 


Conservation of Man Power 


The annual report of the Railroad Y. M. C. A. of Richmond, 
Va., contains this significant statement: “One of the most serious 
results of long unemployment is that it unfits men for useful 
work. Some of the older railroad men, who were laid off 
during the depression, when called back, found themselves un- 
able to perform the usual duties required of them and were com- 
pelled to give up.” Your publication called attention to the pre- 
depression days to-the fact that new equipment, changing prac- 
tices, etc., frequently caused the jobs to outgrow the skill of 
the workers who were unable to keep up with these changes. 
Your suggestion then was that the railroads, and industries as 
well, in order to protect their older employees, should provide 
special training, so that these workers could adapt themselves to 
the changing conditions and practices—I think you called it 
continuation training. Is it not time to put special emphasis 
on such training, especially with a view to conserving the 
workers such as are mentioned in the quotation? Do not the 
railroads, and society in general, owe something to these men? 
True, they may be to blame because of indifference and lack of 
initiative but nevertheless, they are with us and must find means 
of support. Surely their past experience and railroad back- 
ground will be worth something in conjunction with their new 
training. 


Engineer 
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Joliet Locomotive 
Shop Devices 


Several labor-saving devices now in use at the Joliet, 
Ill, shops of the Elgin, Joliet & Eastern are shown in 
the illustrations. The first of these, which also incor- 
porates an important safety feature, is the pair of tire 
clamps used in connection with two short chain lengths 
and a link for attachment to the traveling crane hook 
when lifting a locomotive driving-wheel tire to or from 
the boring-mill table, moving it about in the wheel shop, 
etc. This type of tire-lifting device, while not an espe- 
cially new design, is notable because of its simplicity, 
ease Of application and safety, since there is no chance 
of its being disengaged while there is an upward pull 
on the lifting chains. 

Each clamp is made, as clearly shown in the illustra- 
tion, of a piece of 2-in. square stock about 11 in. long, 
bent at one end to fit around the contour of the tire 
flange and slotted at the other end to receive a 5-in. by 
2-in. by 10%4-in. lever which is pivoted on a 5-in. bolt 
and drilled at the upper end for connection to the chain 
link. An upward pull on the chain holds the hook end 
of the clamp firmly against the flange and it cannot be 
disengaged as long as there is tension on the lifting 
chain, 


Horse-Shoe Hub-Plate Jig 


In order to avoid the necessity of dropping wheels 
when taking up trailer and driving-wheel lateral play, 
many E. J. & E. locomotives are equipped with remov- 
able brass hub plates which are attached to the trailer 
or driving boxes by special flat-head bolts through four 
projecting ears cast integral on the hub plates, these 
bolts extending through into the boxes so as to position 
the hub plates properly and being removable through 
holes between the wheel spokes. This allows a worn 
hub plate to be removed and replaced by a thicker one 
without dropping the wheels. 

The hub plate is made somewhat in the form of a 
horse-shoe, being open at the bottom to accommodate 
the grease cellar. The hub plate is machined in a special 


Hand-operated wash-out-plug chaser used in an enginehouse 
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cast-iron jig 205@ in. in outside diameter by 4% in. 
high, being centered on the boring mill table and held 
down to the table, as well as held against turning, by 
means of four finger clamps, only one of which is illus- 


Machining a removable horse-shoe hub plate in a special boring-mill jig 
at the Joliet shops 


trated. The horse-shoe hub plate, as received in the 
rough casting, fits into a recess 193% in. in diameter by 
3g in. deep in the top of the jig, the four ears projecting 
out through suitable openings. The hub plate is held 
against turning in the jig by means of these ears and is 
held against lifting out by means of seven %-in. set 
screws arranged around the periphery of the jig. In 
order to prevent the hub plate from springing in under 
clamping pressure, two stops are cast on the jig which 
just fill the grease-cellar opening in the hub plate and 
thus add to the rigidity of the clamping arrangement. 
This cast-iron jig is cored on the inside to reduce 
weight. It is centered by means of a projecting center 


Jig for machining a boiler-check goose neck 








piece 6 in. in diameter by ¥% in. deep, which fits into a 
center hole in the boring-machine table. The jig is 
driven by four finger clamps, as mentioned. A rough 
and a finish cut are taken on one side of the hub plate 
which is then turned over and machined to the required 
thickness. 


Goose-Neck Machining Jig 


A special jig for machining boiler check goose necks 
is shown in the illustration. This consists of a recessed 
steel block 4% in. square by 4% in. long, threaded on 
one end to fit the brass lathe spindle and threaded on 
the other end 45% in. in diameter by 1% in. long to re- 
ceive a brass collar (shown on the lathe dead center) 
which serves to bring the goose neck squarely up against 
a spacing collar on the jig and centers it with respect 
to the lathe spindle and dead center. This permits turn- 





Tire-lifting clamps which combine simplicity, ease of application 
and safety 


ing, facing, boring and threading the ends of the goose 
neck with a minimum of set-up time and the assurance 
that the goose neck will not be ripped out of some inse- 
cure clamping arrangement on a face plate or chuck. 
Extra brass clamp adapters are available for different 
sizes of goose necks. 


Wash-Out Plug Chaser 


A simple little device which proves a great conven- 
ience in enginehouse work is the wash-out-plug chaser, 
shown in the illustration. The threads of brass wash- 
out plugs, even when removed every 30 days, frequently 
become pretty well filled with lime, carbonized oil and 
other foreign material which is difficult to remove by 
ordinary hand methods, especially without some damage 
to the threads. 

The device shown in the illustration consists simply 
of a hand wheel and chuck arrangement for turning the 
wash-out plug while a hand thread chaser is used to 
run up the thread and clean out all foreign material 
without removing any metal. The entire jig is mounted 
on-a U-bracket made of 2-in. by 1%4-in. stock measur- 
ing 8 in. between the vertical sides and 6 in. high. This 
bracket is bolted to a supporting plate on a tool box and 
equipped with a 12-in. hand wheel, friction bearing and 
driving jaw on one side and a tail stock with a 4-in. hand 
wheel and 34-in. screw on the other side to hold the 
wash-out plug in the driving jaw and also center it. The 
driving jaw also is equipped with a center so that the 
wash-out plug will run true. A tool rest is provided 
parallel to the center line of the device and on the side 
next to the workman. This serves as a guide and sup- 
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port for the hand-operated thread chaser tool as it is 
moved parallel to the axis of the wash-out plug and 
cleans out the threads. 


Locating Dead Centers on 
Gas and Diesel Engines 


The matter of accurately determining the exact dead 
center of some internal-combustion engines, due to their 
construction, is often an awkward procedure. The lo- 
cation and size of the spark-plug or injection-nozzle 
openings discourage the usual practice of feeling for the 
piston through these holes. In such cases, the crank case 
must be opened and the crank cheeks plumbed by the 
means of a bevel protractor. 

Due to the inaccessibility of a machined surface known 
to be at the correct angle from the cylinder center lines, 
the protractor cannot be checked properly to determine 
whether the engine is level—a fact which depends en- 





Stroke Limit, 


Fig. 1—Device for locating dead centers and timing ignition of 
internal-combustion engines 


tirely on track conditions and the poise of the car or 
locomotive in which the engine is mounted. 

A device that can be used to locate these dead centers 
easily and accurately is shown in Fig. 1. The material 
required for making the device is a spark plug, a flash- 
light, a short piece of round fiber rod, some pieces of 
¥-in. and %¢-in. Tobin bronze welding rod and some 
short lengths of insulated wire. This device will not 
only give the piston position accurately but also lets the 
operator. know when the piston is on the compression 
stroke without dismantling the cylinder-head covers of 
valve panels to expose the action of the intake valve. Fig. 
1 shows the design and application of the device to a ver- 
tical, valve-in-head motor of conventional design. Fig. 
2 illustrates its use in dead-centering and timing the 
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ignition of a 12-cylinder, four-cycle, valve-in-head motor. 

To make the device, a spark plug is first procured, the 
porcelain insulator is then removed, and the holes in 
both members of the spark plug are reamed to accommo- 
date a straight cylindrical insulator made of fiber. This 
insulator 2 is shown in Fig. 3. The assembly of this in- 
sulator and the reamed spark plug is shown in Fig. 4. 
One end of the insulator is slotted to provide jaws for 
the hinging of the feeling lever 3. The insulator 2 is 
drilled longitudinally to receive the hinge electrode 2a 


Upstroke,contacting ax 3 
light goes out 


light burns 














and contact electrode 2b, which are secured in a functional 
position by the set screws 2c. A small vent groove 2d is 
cut along one side of insulator 2 as shown in Fig. 3. 
This vent provides a means of compression escape and 
serves also as a warning port when determining the com- 
pression stroke of the cylinder. Both electrodes 2a and 
2b have one end bent at right angles to form an L shape. 
These L ends are sawed short enough to bridge the space 
between the jaws of the insulator 2. The L section of 
the lower electrode 2a acts as a fulcrum for feeling lever 
3.. Lever 3 is provided with a limit lug 3a as shown in 
Fig. 3, which limits the downward swing of lever 3 to a 
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fixed angle by its contact with upper contact electrode 
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Fig. 3—Fiber insulator for the spark-plug assembly 






2b. Since electrodes 2a and 2b are conductors of elec- 


tricity and are completely insulated from each other by 
the fiber body 2, it is obvious that lever 3 through its 
limit lug 3a provides a means of making and breaking an 
electrical circuit. Hence, the assembly forms an effec- 
tive and sensitive switch for the flashlight 4 shown in 
Fig. 1, from which the regular switch has been removed. 
The terminal of the flashlight 4 are wired directly to the 
locator as shown in Fig. 1. By using No. 6 machine 
screws for set screws 2c, and so locating them that their 
heads occupy the recess formerly occupied by the flange 
of the porcelain, a means is provided for securing the 
itsulator 2 in position within the outer shell 1 and Ja. 
The shape of feeling lever 3 is such that when the device 
is Screwed in the regular spark-plug hole, its feeling end 
will contact the piston when the latter has reached a 
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Fig. 2—Application of the device for locating dead centers and timing ignition of a 12-cylinder four-cycle V-type engine 




















oint near its upper stroke limit (1% in. is sufficient). 
t is obvious that as the piston approaches the upper 
limit of its stroke and encounters the feeling lever 3, the 
flashlight circuit is broken and the light goes out. Now, 
if crankshaft be turned further in the same direction, 
the piston will reach its stroke limit, after which it 
descends. When it reaches the exact spot at which it 
contacted lever 3 on the up stroke, it will again release 
lever 3; this closes the flashlight circuit causing it to 
light until the next interference by the piston on its next 
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stroke. Since air will be expelled through a spark-plug 
or fuel-nozzle hole only on the compression stroke of a 
four-cycle engine, when turned in its intended direction 
of rotation, the vent 2d shown in Fig. 3 serves to warn 
the mechanic that the piston is approaching the position 
desired for locating the first dead center. 

A tram should be used with this device to locate dead 
centers. This tram should be fulcrumed from some 
fixed object or part of the engine and scribing should be 
done either on the face or rim of the flywheel. To 
avoid confusion in taking protractor readings, the tram 
should be of a length that will fix a point on a vertical 
line with the crankshaft. However, this is not impera- 
tive. After the tram is procured and the device is in 
position in the cylinder with the proper connections 
made to the flashlight, the flywheel is turned in the 
direction of rotation until air is expelled from vent port 
2d. Continue to turn carefully in the same direction 
until the first flicker of the flashlight, then stop. Scribe 
a short line across the face of the flywheel with the tram, 
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Fig. 4—Spark plug with insulator assembled 


as shown in Fig. 2a at A. Now again turn the flywheel 
carefully in the same direction. The flashlight will now 
be observed to be not burning. Continue the turning 
until the next flicker of the flashlight, indicating the point 
of re-contact, and stop. Now with the tram make 
another mark B on the flywheel,’as shown in Fig. 20. 
Next with a pair of hermaphrodite calipers, scribe an 
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arc parallel with the perimeter of the flywheeel, bisecting 
marks A and B, shown in Fig. 2b. With a pair of di- 
viders, locate a center mark C equidistant between marks 
A and B. Turn the flywheel back until the tram regis- 
ters with the center mark C. This places the piston of 
the cylinder to which the device was placed on its exact 
dead center, regardless of the angularity of the cylinder 
center line of the motor. 


Timing the Camshaft of a 12-Cylinder 
four-cycle Engine 


When timing the camshaft of a 12-cylinder, four- 
cycle gasoline engine, the intake of which is to start 10 
deg. in retard, the left No. 6 piston is the most convenient 
to dead center. As cylinders No. 1 and 6 are running 
mates, that is, their crank pins are at the same angle, 
the No. 1 and No. 6 pistons are on dead center at the 
same time. Hence, the dead-center mark that was just 
located for left No. 6 will serve for left No. 1 as well. 
Now with a bevel protractor, with its blade registering 
with the dead-center mark C, adjust the spirit level of 
the protractor so that its bubble neutralizes. Note at 
this time, the reading in degrees of the protractor. If 
the engine is level and the tram was made as suggested, 
it should read 90 deg. 

Next set the protractor to read 100 deg., and with its 
blade still on the dead-center mark, turn the flywheel in 
the direction of rotation until the bubble of the spirit level 
of the protractor again neutralizes. Check the position 
of the intake valve of left No. 1 cylinder. It should 
just start to open with the flywheel in this position and if 
the tappet clearance is properly adjusted. If it does not 
start to open, the timing gears or chain should be un- 
meshed, and the camshaft should be turned until the 
left No. 1 intake valve just begins to open. The gears or 
chain should then be remeshed. To time the camshaft 
of the right-hand section of the motor, set the protractor 
to read 160 deg., turn the flywheel further in the direction 
of rotation until the spirit level neutralizes, and then 
check and correct the right camshaft the same as was 
done with the left. 


Timing the Ignition of a 12-Cylinder 
four-cycle Engine 


Left Side—When timing the ignition on the left side 
of a 12-cylinder, four-cycle gasoline engine, the ignition 
of which takes place 30 deg. in advance, set the pro- 
tractor at 60 deg., turn the flywheel against rotation 
until the spirit level neutralizes when the blade is regis- 
tering with the dead-center mark C shown in Fig. 2b. 
With the flywheel in this position, the left distributor 
should be so set that its breakers are just separating 
when the high-tension rotor is in communication with 
the left No. 6 terminal. The same applies if magnetos 
are used. If correction is required, the distributor or 
magneto shaft gears should be disengaged, and the 
distributor or magneto shaft should be turned in its 
direction of rotation until the breakers just begin to 
separate. Where dual ignition is used, care must be 
taken to avoid confusion in setting distributors and 
magnetos, since one of these operates in a clockwise 
direction while its mate operates in a counter-clockwise 
direction. 

Right Side—When timing the right-hand side of the 
engine, set the protractor at 120 deg. and turn the fly- 
wheel in the direction of rotation until the spirit level of 
the protractor neutralizes with the blade registering 
on the dead-center mark C shown in Fig. 2b. Recheck 
or correct the right distributors the same as was done 
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with the left. Fig. 2c illustrates the setting of ignition 
for a 12-cylinder, four-cycle engine as herein described, 
Since the connecting rods on the right side of a 12- 
cylinder engine connect to the same crank pins as do the 
connecting rods on the left side, and since the cylinder 
center lines are at an angle of 60 deg. from each other, 
it is obvious that one dead-center mark will serve both 
sections of the engine by protracting the intake and ig- 
nition events of the right section exactly 60 deg. in re- 
tard of the same marks of those of the left side. 

It is good practice to stencil the flywheel at the time 
each event position is protracted. With the flywheel set 
in the position of each event as ruled by the protractor, 
strike a mark on the flywheel and permanently prick 
punch or birdseye punch that mark on the flywheel, 
These may be identified by appropriate abbreviations; 
for example, “F.P.L.6” could be used to designate 








Fig. 5—Master gage for tram and flywheel layout with permanent 
timing and dead-center marks 


“firing point Left No. 6.” Then in the event of future 
time checkings or dead centerings, it would only be 
necessary to use the tram and turn the flywheel directly 
to the mark sought for rechecking, thus eliminating the 
use of the locator and bevel-protractor that are only 
required for the initial layout of the flywheel. Much time 
can be saved by this practice. The tram should be 
carefully preserved by the mechanic responsible for the 
maintenance of the motor. A simple master gage made 
of bar stock should be kept with the tram, to check it for 
correct length from time to time. Such a tram and 
master gage, and also the flywheel layout, are shown in 
Fig. 5. The layout marks shown in Fig. 5 have the fol- 
lowing meanings: “F.P.L.6” locates the firing point of 
the left No. 6 cylinder; “D.C.L. 1-6” locates the dead- 
center position of left No. 1 and left No. 6 pistons; 
“T.0.L. 1” locates the point where the intake valve ol 
left No. 1 cylinder is just beginning to open; “F.P.R. 6” 
locates the firing point of the right No. 6 cylinder ; and 
“T.O.R. 1” locates the point where the intake valve ol 
the right No. 1 cylinder is just beginning to open. j 

This device may be used in locating dead centers 0! 
Diesel engines in timing their admission and fuel-injec- 
tion periods. The outer shell of the locating device, 
however, would have to be made to fit the glow-plug 
holes or injection-nozzle holes, whichever is the most 
convenient. A flashlight is recommended for use as 4 
signal for this device for the reason that a light of higher 
voltage would arc at the electrode contacts when the 
piston makes its up-stroke contact. 
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Hardening Crosshead Guides 
In Salt-Bath Furnaces 


The case-hardening of crosshead guides has presented 
an expensive problem for the German State Railways 
for many years. When repairs are judged necessary, 
the practice is first to test the guides for hardness, and 
if a figure of less than 60 Shore is obtained the guides 
are carburized. In order to obtain the most economi- 
cal results, guides are sent to a central shop for hard- 
ening so that the furnace plant can be operated con- 
tinuously throughout a 24-hr. day. 

One such central shop is located near Bremen where 
it was ultimately found necessary to take care of from 























Salt-bath furnace at Bremen, Germany, for case-hardening 
crosshead guides 


100 to 150 guides per month. Since the pack-harden- 
ing type of furnace which was installed at this plant 
had a maximum output of only 120 guides per month, 
it was decided to investigate the possibilities of salt- 
bath furnaces for this work. Molten-sodium-cyanide 
furnaces have long been used for case-hardening small 
steel parts which require a maximum penetration depth 
of only 1/32 in. However, the possibilities of the process 
have recently been extended by the development of deep- 


Microstructure of case-hardened 
guide at different magnifications 


Railway Mechanical Engineer 
MARCH, 1937 


























cementation compounds of a type which, in Europe, are 


marketed under the name of “Durferrit C 5.” Briefly, 
the main advantage of such compounds is that they en- 
able a case of 0.045 in. to be obtained in 3 hr., and a 
case of 0.075 in. in 6 hr. Furthermore, the eutectoid zone 
obtained with this latter process is from one half to five- 
eighths of the total depth of the case, which permits 
the removal of considerable stock by grinding, without 
exposing the soft core of the guide. This grinding is 
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Rockwell hardnesses at different case depths on guides treated 
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necessary in order to correct any distortion which may 
have occurred in the furnace. 

Largely as a result of the increased speed of working 
rendered possible by the process, it was decided to in- 
stall a salt-bath furnace for the purpose of taking care 
of the increased output of 150 guides per month. The 
furnace that was installed has a pot diameter of 14 in. 
and a depth of 78 in. and, like the pack-hardening fur- 
nace which it replaced, it is oil fired. The guides to 
be hardened are suspended vertically in the molten bath. 
Waste heat is passed through a preheater where it serves 
to preheat the next component to be treated. The oil 
burners, of which there are two, operate under an air 
pressure of 16 in. of water, and consumes 1% gal. of 
oil per hr. Combustion requirements demand 425 cu. 
ft. of air per min. Under these conditions the average 
life of the bath is between 700 and 800 working hours. 
A certain amount of distortion is inevitable in any 





















































case-hardening operation, but it has been definitely as- 
certained that the amount of distortion is less in the 
salt-bath process than when the pack-hardening method 
is used. In addition, a comparison of the old and the 
new methods shows an interesting economy in fuel re- 
sulting from the change-over ; the essential cost data for 
the two methods are shown in the table. The graph 
shows the Rockwell C hardnesses obtained on work 
which has been carburized in the salt-bath furnace for 








Cost of Hardening Crosshead Guides by Pack-Hardening 
and Salt-Bath Methods 
Pack- Salt- 


hardening bath 
method * method 


No. of guides per heat .... eee ee eer 4 1 
TEC IL, «<5 so aia a's W'b as 60-00%. K,0.0 6.0.0 40 A% 12 3 
.- Baeet the Ser Sour guiiies, brs. occ. css ccccscseces 12 12 

Weight of hardening compound, Ib. ............05- 106 i 
BEE SS GOA Pa errr ere ee 9 
Ce NO Sr SORE. ORL, oc. c ct 00 essere cca 79.5 18.5 
ee eee en Oe OG, 5 5c 6.60 656 06,0 0:0 0.0 0000 $8.66 $2.02 
Came GE BOPROINO COMDOUNG oo6ieics ceccccsccceass $2.06 es 
I Re SNP Ee Ce ee eee ee Te wae $2.16 
De OA EO RPE, 6 ks isc negcsdccescceece $2.407 $1.92¢ 
Cost of insulating ends of guides with asbestos and 

CS ee ey ae Seer $0.24 
Cleaning guide before carburising, and _ reheating 

ends subsequently per 12 hrs. ........2.ee00. nha $0.96 
a ET ane Sol os Dike a6 Och Wena. a8 6's hoe we $3.08 $3.08 
ET Oe OR ccs cask caces eseeesaenensd $16.44 $10.14 
ga oe cas sneha ne cand abe ad ban & oe $4.11 $2.53 





* Two furnaces. 
j Wear and tear on boxes. 
~ Wear and tear on crucible and pyrometer thermocouple. 





3 hr. and 6 hr., respectively, at a temperature of 1,760 
deg. F. It will be noticed that the depth of case ob- 
tained by the process is 0.045 deg. in 3 hr. and 0.075 
deg. in 6 hr. and of these cases 0.025 in. and 0.040 in., 
respectively, are “glass hard.” The structure of the case 
obtained is shown in the microphotographs, which indi- 
cate that no free cementite is present, and that more than 
half the case is completely saturated with carbon. 

In summarizing the advantages of: hardening guides 
in salt-bath furnaces, it is seen that the cost per guide 
is $2.53 as against $4.11 with the pack-hardening 
method ; that less time is required for carburizing; and 
that although the depth of the case is practically the 
same for both methods, the distortion is less with the 
salt-bath furnace. 


Ray Blade Core 
Drills and Reamers 


The Ingersoll Milling Machine Company, Rockford, 
Ill., announces that the Ingersoll ray blade can now be 
applied to the heads of solid-shank or shell-type core 
drills or reamers. The double-tapered ray blades are 
locked against the thrust of the boring cut. When worn 
they are reset any amount by moving them outwardly 
for resizing and forward to compensate for the major 
wear of end cutting. 

The ray blade is a double-tapered blade positively 
locked in the cutter housing with a compensating ser- 
rated wedge. The cutter blade is tapered along its 
length so that it will not push down or back from the 
thrust of the cut, It is further dovetail tapered across 
its width to prevent it from pulling out of its locating 
slot. The blade is retained in position by a double- 
tapered serrated wedge. As the cutter blade is moved 
outward for regrinding for wear, the clever shape of 
the wedge permits its movement, either further along 
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or down its serrated slot. The wedge thus compensates 
for the thinning movement of the ray blade. 
Ingersoll ray-blade boring heads are furnished with 





Shell-type and solid-shank boring heads for core drills or reamers with 
Inigersoll Ray blades 


blades of high-speed steel, super-high-speed steel, Stel- 
lite, or tipped with cemented carbide fitted into housings 
of forged and heat-treated alloy steel. The shape of 
the blade makes it particularly economical for cutters 
with Stellite blades. 


Wide-Range 
Ratchet Die 


The illustration shows a ratchet die for threading pipe 
ranging in diameter from 14 in. to 1% in. Three sets of 
dies, each for threading two sizes, can be changed quickly 
and are fully adjustable for cutting standard, oversize and 
undersize threads. The first set of dies cuts threads from 
4 to % in., the second set cuts threads from % to % in., 
and the third set cuts threads from 1 to 1% in. A three- 
jaw self-centering chuck centers the pipe in the ratchet 





The Beaver ratchet die for threading pipe which has a range from 
Y4 in. to 1% in. 


without the aid of bushings or grip screws. The thread- 
ing dies are above the face of the stock so that the chips 
fall away from the thread as they are being cut. The 
ratchet and ratchet pawl are of extra-heavy air-furnace 
malleable iron and have a rust-proof finish. The ‘ie, 
designated as the No. 60-R ratchet, is manufactured by 
the Beaver Pipe Tools, Inc., Warren, Ohio. 
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Box Car Rebuilding 
on the E. J. & E. 


The Elgin, Joliet & Eastern is now rebuilding a series 
of 450 forty-ton U. S. R. A. box cars into a modern 
design with Pullman Standard Cor-Ten steel sides, 
Murphy rigid steel roofs with depressed running boards, 
Creco side doors, Miner and Peerless draft gears, Type- 
E couplers with bottom-operated lifting lever, Cardwell- 
Westinghouse snubbers, Type AB air brakes, Miner 
power hand brakes and Apex defect card holders. The 
original cast-steel trucks of the Andrews type are re- 
tained and equipped with one-wear rolled steel wheels. 
3y the use of the pre-fabricated thin steel car sides, the 
inside car width is increased from 8 ft. 6 in. to 8 ft. 914 
in. and the elimination of carlines by the use of the new 
rigid steel roof provides a slight increase of inside height 
from 9 ft. to 9 ft. 2 in. The new car is 40 ft. 6 in. long 
inside and weighs 44,600 Ib., as compared with 45,400 Ib. 
for the old car. 3 

Among the important changes in the detail design and 
construction of the rebuilt cars, as compared to their 
predecessors, is the use of a floor reinforeing angle 
applied longitudinally between the center sill and each 
side sill to give additional strength for heavy trucking 
operations on the floor. Modern lightweight alloy steel 
sides replace the former wooden sides, the original Mur- 
phy steel ends. being retained. A Murphy rigid steel 
roof replaces the flexible steel roof formerly installed. 

A small but rather important detail in connection with 
the floor design is the application of post fillers, as shown 
in one of the illustrations, longitudinally over the side 
sill and extending the width of the post. This eliminates 
fitting the decking around the side posts and supplies a 
firm support for the bottom lining boards, which pro- 
tects them against displacement through load shifting 
or trucking movements. Another feature is a shield 
made of 14-in. by 15-in. by 30-in. steel plate riveted to 
the bottom of the side sill and suitably braced, as shown 


in another illustration, this shield serving to protect the 
service. and emergency portion of the AB brake valve 
which, when left exposed, is frequently damaged by 
trucks when backing up to the car door. 

To facilitate repairs, the side ladders are attached at the 
top to the W-section and at the bottom to the side sill in 
such a way that it is not necessary to-go into the car 
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Steel plate applied as a protection in front of the Type AB brake valve 


and tear out the lining to renew or replace. ladder bolts. 
End-sill grab irons also are applied to brackets below 
the bottom line of the end sill for the same purpose. 
Metal brake steps are applied. No effort is spared to 
make the car watertight, especial attention being given 
to the corner caps which are carefully welded at all 
joints. 

An interesting feature of the inside finish of the car is 
the use of a door-post filler made in two pieces, one of 
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Rebuilt box cars being stenciled outside at Joliet shops 
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Car frames stripped ready for rebuilding—New Cor-Ten steel sides (loaded on gondola in background) as received from Pullman-Standard havin 
ready for application e 
cons! 
which is a 1%4-in. by 2'4-in. section set in the corner and the ground, using special pneumatic riveting tools, is proof 
used as a nailing strip for grain doors. This inserted applied, an equalizer lifting bar being used in this in- verti 
strip can be readily renewed when necessary without stance also to avoid buckling of the light roof structure. to en 
removing and replacing the entire door-post filler piece. Next, the doors are applied, also the corner caps; in- Ca 
The end lining is made of the same material as the floor, side corner bands and caps are applied and riveted. the t 
being 134-in. yellow pine. A feature of this construc- Side ladders are applied and roof rivet holes reamed. et 
tion is the use of a strap, made of 4%-in. by 1¥%-in. Four hammer operators are used in riveting the roof, 
steel, set in horizontally at a level of about 48 in. above 
the floor and bolted through the end lining into the steel ; Di 
end. This steel strap has been found an important aid sage 
in keeping the lining in place under impact shocks when i In 
the car is in service. 
The 
Description of the Rebuilding Operations two 
The cars are stripped of all wooden parts down to the ™,, fact 
underframe on a stripping track outside of the main ~ Broc 
shop, the ends being the only part of the superstructure me a have 
retained. The cars are moved to another station out- re ae : dl 
side of the shop where the ends are removed and sent “Hi 
to the hydraulic press for straightening. Underframe hp. 
repairs are made at this station, also truck repairs, and chas 
AB brakes applied with extra-heavy piping. with 
The cars then move into the shop to a station where the whe 
sides and ends are applied, the latter having been drilled diar 
with any necessary holes for new applications, such as the 
end ladders, power hand brake, etc. The sides, shipped - 
from the manufacturers compactly loaded in low-side star 
gondolas, are applied with the shop crane inside the it two 
shop, using an equalizer bar with special clamps attached . : . star 
to the W-section. This arrangement avoids any tendency 1 
of the light side panels to buckle. aa | ay 
At the next station, all holes in the sides and ends are — 
reamed, and rivets, later to be blanked, are driven at Cap 
this time. The roof, assembled and driven on a jig on "4 
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End of rebuilt car (left)—Interior lining, floor and roof (center)—Detail of door post and side-post filler (right) 
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each driving one-half of a side and one-half of an end. 
The hammer man works on the inside where a scaffold 
is provided. A two-tier scaffold on the outside pro- 
yides convenient footing for the rivet buckers. At the 
corners, rivets are driven from the top down to where 
they can be reached by the ground man. 

The car moves to the next position where one man at 
each corner drives the remaining rivets. The flush 
running boards are applied with the bolts having slotted 
heads tightened with an electric screw driver. 

The steel work is completed and the car moved with a 
tractor outside of the shop to a position where creosoted 
wood side nailing posts and the end nailing fillers, also 
side post fillers, are applied. The entire inside of the 
car is given one coat of mineral paint (the priming coat 
having been previously applied). Floors are applied, 
consisting of 2%-in. yellow pine, bolted with water- 
proof bolts. The side lining consists of 3%4-in. wide 
vertical grain fir applied the full length from door posts 
toends. The end lining is applied as described. 

Cars are spray painted and stenciled in accordance with 
the usual practice. An output of five cars a day is se- 
cured with a total force of about 270 car men. 


Diesel-Powered 
Industrial Crane 


The industrial crane shown in the illustration is one of 
two standard self-propelled live-boom units manu- 
factured by the Silent Hoist Winch & Crane Company, 
Brooklyn, N. Y. Each of these standard cranes, which 
have capacities of 5,000 Ib. and 10,000 Ib. respectively, 
are called “Krane Kars,” and are powered with a Buda 
“Hivelo” four-cylinder engine capable of developing 55 
hp: at 2,700 r.p.m. and 26 hp. at 1,000 r.pm. The 
chassis of both cranes are of welded-steel construction 
with 36-in. diameter by 10-in. wide rubber-tired tractor 
wheels in front at the base of the boom, and 24-in. 
diameter by 5-in. wide rubber-tired steering wheels at 
the rear. They are furnished complete with power- 
swinging power-topping booms, electric lighting and 
starting equipment, air cleaner, oil filter, front bumper, a 
two-man seat, four lashing hooks, and a tool box as 
standard equipment. 

The load hoists and boom-topping hoists of these 
cranes are operated by enclosed self-contained reversing 
mechanisms with %-in. cables of 5,000-lb. single-line 
capacity winding on 7-in. drums. The boom-topping 
hoist operates entirely indeperidently of the load hoist. 
The boom swing is controlled by a self-locking worm and 
sector and is automatically held in any position of swing. 
Automatic positive limit stops are provided to control the 
swing and topping motions of the boom. 

The 5,000-Ilb. capacity crane can manipulate a 5,000- 
Ib. load at a 5-ft. radius; this gives a clearance of 3% 
ft. at the front of the crane. In a diagonal position the 
capacity is 7,000 lb., while at 10-ft. radius the capacity 
18 2,500 lb. The standard boom is 11 ft. long but 14-ft. 
and 17-ft. telescopic booms are also available. The over- 
all width is 5 ft. 6 in., the overall height is 7 ft., and the 
overall length is 10 ft. 7 in., exclusive of the boom. This 
model has four traveling speeds up to 15 m.p.h. as well 
a§ One reversing speed. The hoisting speed, with power 
take-off in high gear, is 50 to 80 ft. per min. Boom- 
topping from horizontal to vertical requires 8 sec. The 
boom can be swung through 180 deg. in 15 sec. The 
5,000-Ib. capacity crane weighs 14,500 Ib., exerts 4,500 
lb. tractive force and has a turning radius of 12 ft. 

The 10,000-Ib. capacity crane can manipulate 10,000 
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A 5,000-Ib. capacity Krane Kar in service on the Missouri Pacific 


lb. at a 5-ft. radius which leaves a clearance of 3% ft. 
in front of the bumper. The capacity at a 10-ft. radius 
is 5,000 lb. The standard boom is 12 ft. long but 
14-ft. and 16-ft. telescopic booms are also available. 
The crane has four forward speeds up to 12 m.p.h. and 
one reversing speed. Load hoisting is accomplished on 
a three-part line at speeds of 35 to 55 ft. per min. with 
power take-off in high gear. The topping-boom can be 
raised from a horizontal to a vertical position in 10 sec. 
The boom can be swung through 180 deg. in 19 sec. The 
overall width of this model is 6 ft. 2 in. The overall 
height is 7 ft. 7 in., and the overall length is 11 ft. 1 in., 
exclusive of the boom. It weighs 21,000 Ib., can exert 
a tractive force of 6,500 Ib. and has a turning radius of 
6 ft. 6 in. 


Discussion of A. A. R. 
Interchange Rules* 


By J. C. Hayes{ 


We should all benefit by discussion of Interchange 
Rules and thereby obtain a clearer understanding of 
just what they contemplate. This paper consists of six 
subjects for consideration and discussion. 


Should the Preparation of Billing Repair Cards in 
Train Yards and Classification Yards 
Be Discontinued? 
We all know that billing repair cards prepared in 
train yards and in classification yards cover light run- 


* Abstract of a paper presented at a meeting of the Eastern Car Fore- 
man’s Association of New York, held in New York City, January 8, 1937. 
‘ 7a — A.A.R. Clearing House, New York Central System, Buf- 

alo, N. Y. 
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ning repairs, such as cotters, brake shoes, shoe keys, nuts, 
etc. The procedure of preparing these billing repair cards 
is, in many instances, unnecessary and can be greatly 
simplified. I feel certain the solution of the problem 
can be made after an investigation has been completed 
to develop the facts in order to arrive at proper con- 
clusions. 

The average cost per car repaired and per car day for 
repairs made in train yards and classification yards in 
certain roads’ bills is approximately the same, as shown 
in Table I. 

In fact, all of the charges in the Interchange Rules are 
based on averages, therefore, it seems fair to assume that 
it would also be possible to arrive at an average allow- 
ance for the very light repairs that are being made in the 
train yards and classification yards. 

Only recently the Interchange Rules were amended to 
provide charges against car owners for nuts and cotters 
applied. I am assuming this was done because certain 
railroads or companies were neglecting these items. But 
I feel sure that any railroad that might be guilty of such 
neglect would not be inclined to rectify conditions in this 
respect simply because their car repair bills might be in- 
creased by charges for fifty cotters per month at ten 
cents per cotter, or $5. 

When there is no penalty for neglect some will take a 
chance, but assess a penalty and then results will be forth- 
coming. Interchange rules are not prepared on the ba- 
sis of penalties, but if there is neglect, then a penalty is 
the only way to overcome it. 

Some will say this subject, that is, the discontinuance 
of billing, has been previously considered, therefore, there 
is no further action to be taken at this time. The subject 
should be studied from the viewpoint of discontinuing 
billing for only such train-yard and classification-yard 
repairs as I am now advocating. 

I realize this same thought would not work out equit- 
ably in so far as shop or branch repairs are concerned 
because some railroads and companies have a regular 
maintenance program, others medium and others de- 
ferred, therefore, for that reason I consider that billing 
for work performed in shops and on repair branches 
should be continued. 

However, I think the subject is worthy of considerable 
thought, keeping in mind the severe conditions under 
which train yard and classification yard billing repair 
cards are prepared. The discussion, therefore, should 
be on the idea rather than the method of settlement. The 
method of settlement can be decided after the necessary 
facts have been obtained. I estimate that if the idea were 
found practical it would eliminate the preparation of ap- 
proximately 6,000,000 billing repair cards per year for 
bills rendered, or it would eliminate the handling of ap- 
proximately 12,000,000 such repair cards per year con- 
sidering both bills rendered and bills received. 


Should Handling Line or Car Owner Be 
Responsible for Cut Journals? 

Some contend that slid flat wheels and cut journals 
should be car owners’ responsibility instead of handling 
line responsibility. Recommendations to that effect have 
been previously made which were not approved, no 
doubt, for good and sufficient reasons. If the reasons 
for not approving such recommendations still hold good 
today, then a special investigation should be conducted 
to. determine the reason for the wide difference in per- 
formance on cars of different ownership. To make this 
more clear I will make mention of a few comparisons 
which I understand exist. 

In a thirty-day period, Road A found it necessary to 
change 224 pairs of wheels on Road B cars account of 
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cut journals, whereas in the same period Road B found 
it necessary to change only 70 pairs on Road A cars on 
account of cut journals, a difference of 154 pairs in that 
short period, car days representing a ratio of 1% to 1. 
The average cost to change wheels account of cut jour- 
nals amounts to approximately $10 per pair. The dif- 
ference referred to means that Road A lost about $1,540 
per month in repairing Road B cars, or a loss of about 
$18,480 per year. 

As a result of such differences I estimate that some 
railroads are losing approximately $50,000 per year. 

Surely there must be a reason for this difference in 
performance and just what it is, I believe, could be de- 





Table I — Average Cost of Making Repairs in Train 
Yards and Classification Yards 


Average 
cost per car- 
day for repairs 
made in train 


Percent of train 
yard repair 
cards to total 


Average cost per 
car repaired in 
train or 


Roads repair cards class. yards or class. yards 
Road A vs. road 1 55 $0.56 $0.015 
Road A vs. road 2 56 0.54 0.013 
Road A vs. road 3 58 0.52 0.012 
Road A vs. road 4 59 0.46 0.017 
Road A vs. road 5 62 0.60 0.012 
Road A vs. road 6 62 0.54 0.016 
Road A vs. road 7 62 0.50 0.017 
Road A vs. road 8 65 0.46 0.017 
Road A vs. road 9 66 0.67 0.014 





veloped through an investigation by those thoroughly 
acquainted with that phase of car performance. This is 
the first step that should be taken. The result of such 
investigation would then permit proper consideration be- 
ing given as to whether the responsibility for these de- 
fects should or should not be changed. 


Should Cardable Damage Limits Be Revised and 
Defect Carding for Certain Wrong Repairs 
Be Discontinued ? 


I understand that Road T issues, or has issued against 
it, about 21,000 defect cards per year for cardable dam- 
age and wrong repairs, which means about 1,750 defect 
cards per month. 

If that understanding is correct, then an investigation 
will disclose that too much time is being expended by 
both shop inspectors and interchange inspectors in pre- 
paring defect cards and attaching them to cars and in 
noting or recording them at interchange points, as the 
cars pass through interchange, when the time could be 
better utilized by such employes in making closer inspec- 
tion for safety. 

With reference to the number of defect cards that are 
issued and not used as authority to bill, about 6,200 or 
55 per cent of all defect cards issued per year by or 
against Road T for Rule 32 damage and wrong repairs 
on foreign railroad owned cars and private car line cars, 
excluding owned cars, are not used for billing, the sepa- 
ration being as follows: 1,960 defect cards per year or 
32 per cent covering Rule 32 damages are not used for 
billing and 4,240 defect cards per year or 68 per cent 
covering wrong repairs not used for billing. 

The figures and percentages given in Table II will 
also tend to convey the thought that the limits for card- 
able damage are not sufficiently severe. 

The question would naturally arise as to what can be 
done to better existing conditions. There is no ques- 
tion but what many different suggestions would be of- 
fered. One thought that could be advanced is to have 
the extent of damage as the governing factor so that the 
charges when billed would exceed $10 per defect card. 
If this were done it would eliminate the necessity of Road 
T issuing approximately 15,000 defect cards per year, 
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without considering all of the other railroads. If this 
suggestion were followed, it is possible that it would 
eliminate close to 150,000 defect cards per year or 12,500 
per month or 400 per day for all railroads in the United 
States and Canada without causing any hardship to any 
railroad or company. 

Further, it would clear the cars of defect cards and 
the few defect cards that would be issued for the more 
extensive damage would not be on the cars for any 





TableII—Extentof Charges Billed on Authority of Defect Cards 
Issued by or against Road T Covering Rule 32 Damage and 
Wrong Repairs on Foreign Railroad Cars and Private Line Cars 








Rule 32 
damage Wrong repairs 
la A— ‘ rp —. > 
Number Number 
defect Per- defect Per- 
cards cent cards cent 
Charge less than $1 per card. 480 11 200 12 
Charge $1 to $3 per card.... 1,100 26 200 44 
Charge $3 to $5 per card.... 560 13 400 24 
Charge $5 to $10 per card... 700 16 260 16 
Charge $10 to $50 per card.. 920 22 60 4 
Charge $50 to $100 per card. 240 6 None mi 
Charge $100 or over per card 240 6 None ote 
DD S265 cw ee awh Saas wee 4,240 100 1,660 100 





length of time, as those cars would be damaged to such 
extent that immediate repairs would be required if the 
car owner desired such cars to remain in service. 

Some will say that the present practice of defect card- 
ing should not be discontinued because it will place a 
hardship on car owner; others may argue that more de- 
fect cards should be issued for car owner’s protection 
than are now issued, and others might approve of the 
elimination of defect cards to a large extent. Therefore, 
it is anybody’s guess as to what should be done and it 
would be difficult to draw proper conclusions until an 
investigation has been made to develop the facts. 

In the absence of facts, some may contend that dam- 

age, regardless of how it occurred, should be considered 
car owner’s responsibility on the basis that the handling 
line exercised all possible care in handling and they had 
no control over unusual occurrences. Others may con- 
tend that the extent of damage rather than the cause of 
damage should be the governing factor in the issuance 
of defect cards and that car owner should be responsible 
for all rake damage up to the point where the frame- 
work of the car is damaged, such as sills, posts, braces 
and plates, and others may contend that the present 
limits for unfair usage damage should be increased to 
such extent that the car would be immediately shopped 
and thus prevent defect cards from remaining on cars 
with slight damage until such time as a car owner elects 
to have repairs made. 
_ Therefore, in view of the large number of defect cards 
issued covering wrong repairs and minor Rule 32 dam- 
age that are not being used for billing, also considering 
the number of days which elapse between date of defect 
cards and date of repairs, should a study be made with 
a view of ascertaining whether it would be practical to 
greatly reduce the number of such cards issued in order 
to lessen inspectors’ clerical work and thus give them 
more time to devote to inspection for safety? 


Should Correspondence and Investigations Account 


of Unavoidable Errors Be Reduced? 


All billing clerks know of the large amount of corre- 
spondence and investigation that result from ordinary 
errors such as wrong car numbers and errors in pricing 
repair cards. In the majority of cases where wrong car 
tumbers are involved, investigation discloses a correc- 
tion in the car number is in order and, therefore, there 
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would-be no adjustment. Errors in pricing repair cards 
are usually due to the large volume of such work per- 
formed. In most cases errors in pricing do not total to 
a large amount, or the amount of over-charges is re- 
duced considerably by the amount of under-charges. Per- 
haps it would be more economical to all railroads and 
companies if an arbitrary allowance were made for them, 
in place of permitting exceptions to be taken to small 
over-charges or under-charges, or wrong car numbers. 

With a view of reducing correspondence and inves- 
tigations, and believing it would not result in a hardship 
on any railroad or company, I would offer for discus- 
sion the proposition of considering car repair bills cor- 
rect as rendered when 99.5 per cent correct. In other 
words, disregard incorrectness due to the extent of one- 
half of one per cent of the total amount of bill for the 
unavoidable errors mentioned above. 

To explain further, do not permit the billed road to 
take exceptions to charges unless the net overcharge or 
net undercharge exceeds one-half of one per cent of the 
total amount of bill and then only to adjust for an amount 
in excess of that allowance. 

This would mean that when a $1,000 bill was rendered 
the permissible allowance for all incorrectness would be 
$5. In the event the net overcharge or undercharge 
amounted to $12, then an adjustment of only $7 would 
be in order. I am of the opinion this will reduce excep- 
tions, letters and investigations about 90 per cent. If 
such a proposition would meet with approval, Rule 91 
could be modified accordingly. 


Should Car Repair Bills, Both Incoming and Out- 
going, Be Analyzed to Prevent the Possibility 
of Specializing ? 

Sometimes it would be more advantageous to all con- 
cerned if billing clerks were instructed to analyze both 
incoming and outgoing car repair bills to ascertain 
whether conditions appear normal in so far as the number 
of items applied is concerned, instead of utilizing all of 
their valuable time in checking the billing repair cards 
and billing statements for correctness of labor and ma- 
terial prices and footings. 

At least that is our thought and we have placed that 
system in effect in our Billing Bureau. 

We have been and are now analyzing car repair bills 





Table III — Comparison of Repairs Made by Roads A and B 





Item - Car-day 

ratio ratio 
Truck-spring shims ........ 506 to 33 15 tol 1 to2% 
aera er 336 to 30 lltol 1 tol 
ee ne 317 to 27 12 tol 1% tol 
PE PM. o's ois ws 0a SERS 283 to 21 13 tol 2 tol 
CR oc bss pakkne Seems 145 to 29 to 1 1% tol 
NR Oe ere 112to 1 112 to1 1 tol 
Brake-shafts repaired ...... 86to 5 17 to 1 1% tol 
Truck spring seats ........ 63to 1 63 to 1 1% tol 
ae ae 66to 2 33 tol 1% tol 
by roads, by stations, by items, and by charges. Need- 


less to say, some very peculiar conditions were noted in 
both the incoming and outgoing bills. I would not say 
that “stand-out” cases always represerit wrong or im- 
proper practices, as investigation in most cases will dis- 
close that the condition which appeared questionable can 
be explained, but such a check has the effect of letting 
those involved know that the situation is being watched, 
and by this method of procedure all foreign railroads 
and companies will receive the protection to which they 
are justly entitled. 

As an example, Road A found it necessary in a period 
of 30 days to apply 1,362 cotters to Road B cars, where- 
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as in the same period Road B found it necessary to apply 
only 136 cotters to Road A cars, a difference of 1,226 


cotters. Since the number of car days were equal, the 


car-day ratio is 1 to 1. Other such examples are given 
in Table ITI. 


Should Rule 9 Be Modified by Reason of Interpre- 
tation (1) of Rule 70 Ruling on Charges 
for Wheel Renewals? 


Interpretation (1) of Rule 70 provides that when 
wrought-steel wheels are applied in place of wrought- 
steel wheels removed to a car that is not stenciled to 
show type of wheels standard to it, cast-iron wheels 
shall be considered as standard to such car and the value 
of the wrought-steel wheels applied shall not exceed the 
value of new cast-iron wheels. 

Some railroads are taking exception to charges, when 
wrought-steel wheels are applied in place of wrought- 
steel wheels removed, contending that car was not sten- 
ciled showing wrought-steel wheels standard, although 
they admit that their cars have mixed wheels under them, 
and they are requesting adjustment which amounts in 
some cases to $40 per pair. They further contend that 
it is necessary for the repairing line to make notation 
on billing repair cards when car is stenciled for wrought- 
steel wheels, otherwise the charge will not be accepted 
when it exceeds the value of new cast-iron wheels. 

Investigation disclosed that in some of the cases now 
in controversy the car was equipped with four pairs of 
wrought-steel wheels, yet car owner states that fact has 
no bearing on the permissible charge, as interpretation 
(1) of Rule 70 is very clear in this respect. 

Car owner also has declined to furnish joint evidence 
in such cases showing whether or not car was stenciled, 
claiming the Interchange Rules never contemplated that 
the burden of proof, in such cases, be placed on car 
owner, and that it is an obligation of the repairing road 
to make necessary notation on billing repair cards, which, 
if done, would make the matter clear to all concerned. 

Therefore, in view of the complications arising on this 
phase of car repair billing, should Rule 9 or Interpreta- 
tion (1) of Rule 70 be modified so it will be clear to all 
concerned whether car owner must protect the situation 
through joint evidence, or whether the repairing road 
must make notation on billing repair card as to the sten- 
ciling on car for information of car owner. 


Questions and Answers 
On the AB Brake 


Operation of the Equipment 


121—Q.—What ports open in emergency, second 
stage? A.—The same as in the first stage, except that 
the flow of air from the combined auxiliary and emer- 
gency reservoirs is restricted to the opening in the delay 
choke due to the fact that the in-shot valve is now 
seated. 

122—Q.—What ports open in emergency, third stage? 
A.—The same ports are open in this stage, as in the sec- 
ond stage, with the following exceptions: An additional 
flow of air to the brake cylinder is now obtained via the 
timing valve and the timing choke. As the quick-action- 
chamber pressure has been reducing through the vent- 
piston choke, the vent-valve spring eventually forces 
the vent valve to its seat, closing communication be- 
tween the brake pipe and the atmosphere. 

123—Q.—W hat ports open in release after emergency? 
A.—In release after emergency the following ports are 
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open: Brake pipe to the quick-action chamber via the 
charging choke; brake pipe to accelerated-release check, 
vent-valve chamber and by-pass checks; auxiliary reser- 
voir to brake cylinder via the in-shot valve; auxiliary 
reservoir to the release-insuring valve and duplex re- 
lease-valve check; the quick-action chamber to the ac- 
celerated-release piston chamber; the in-shot piston 
volume to the inshot piston chamber; the emergency 
reservoir to the duplex release-valve check, spill-over 
check, and strut diaphragm. 

124—Q.—What ports open in accelerated-emergency 
release? A.—In accelerated-emergency release the fol- 
lowing ports are open: The brake pipe to the quick- 
action chamber via the charging choke, and also to the 
by-pass checks; the combined auxiliary-reservoir and 
brake-cylinder pressures to the brake pipe via the accel- 
erated-release check valve; the quick-action chamber 
to the accelerated-release piston chamber; the in-shot- 
piston volume to the in-shot-piston chamber; the aux- 
iliary reservoir to the release-insuring valve and to the 
duplex release-valve check; and the emergency reser- 
voir to the spill-over check and the strut diaphragm and 
to the duplex release-valve check. 

125—Q.—At what stage does either the release or 
application by-pass check valves function? A.—The 
release check valve opens to allow the brake-pipe air to 
flow to the face of the service piston when releasing, and 
the application check valve opens to allow the brake- 
pipe pressure to flow from the face of the service piston 
when applying the brake, upon the development of ap- 
proximately 2 lb. difference in pressure across the 
strainer. ; 

126—Q.—What would cause this difference in pres- 
sure? A.—The hair strainer becoming clogged with 
dirt. 

127—Q.—Does the emergency-reservoir pressure vary 
when the service slide valve assumes release position? 
A.—Yes. 

128—O.—Why? A.—Communication is established 
to the auxiliary reservoir. 

129—Q.—What is the advantage of this feature? 
A.—It provides a quick recharge of the auxiliary reser- 
voir, and a more prompt and positive release. 

130—Q.—What assurance have we of a positive re- 
lease in case of excessive friction of the operating parts? 
A.—The release-insuring valve functions to accomplish 
a release. 

131—O.—How is this accomplished? A—When the 
brake-pipe pressure on the left of the release-insuring 
diaphragm exceeds by 114 lb. the auxiliary-reservoir 
pressure on the right, the diaphragm will be deflected 
to the right, unseating the release-insuring valve. This 
movement connects the auxiliary-reservoir pressure to the 
atmosphere via the release-insuring choke, the cavity in 
service slide valve and the retaining valve. 

132—OQ.—How long does the reduction of the aux- 
iliary reservoir pressure continue? A.—Until sufficient 
differential is created across the service piston to move 
it and the slide valve to release and charging position. 

133—Q.—How does this prevent excessive reduction 
of auxiliary-reservoir pressure? A.—The service slide 
valve, in moving to release, cuts off communication to 
the atmosphere. 

134—0.—With the quick-action chamber uncharged, 
what provision is made to prevent the emergency slide 
valve from unseating, in view of the fact that emergency- 
reservoir pressure is the lower? A.—The slide valve 
is balanced by a spring-and-diaphragm-loaded strut. 
The emergency reservoir is connected to the upper side 
of the diaphragm, exerting pressure in a downward di- 
rection, thereby holding the slide valve on its seat. 
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Modern wheel shop (below) with in- 
clined runways for moving scrap wheels 
and axles out of the shop 














Save Labor 
in Wheel Handling 


One of the modern wheel shops of the Middle West is 
that of the Illinois Central at Markham, IIl., where wheel 
and axle work for the northern lines of this road is 
handled. One of the features of this shop, which is well 
equipped with axle lathes, boring mills, a heavy-duty 
wheel lathe, wheel presses and a Norton car-wheel grind- 
ing machine, is the provision for a minimum of manual 
labor in handling wheels and axles. 

Mounted wheels and axles received at this shop from 
Freeport, Ill., Clinton and the Chicago terminal are un- 
loaded by clam shell from the wheel car to inclined tracks 
on which the wheels roll into the shop through the door 
illustrated. Wheels are dismounted in a double-acting 
press and rolled one at a time to the elevator and inclined 
tunway shown at the left in the lower illustration. Pass- 
ing through the hole in the shop wall, the wheels roll 
down the incline shown in the upper illustration, being 
diverted into the proper scrap bin by a short piece of 
hinged angle section. These wheels are loaded by means 
of a magnet from the bin into a scrap car for subsequent 
sale as scrap. 

Axles are placed by means of a monorail hoist on an 
axle carriage, as shown at the right in the lower illustra- 
ton. This carriage also operates through the shop wall 
and down an inclined track, being controlled, however, 
by an electrically operated endless cable which moves 
the carriage up and down the runway. A large hand- 
wheel is used to trip the carriage opposite the proper 
pile of stored axles onto which the axle rolls clear. The 
endless cable then is used to bring the carriage back into 
the shop, ready for the next axle. All operations of 
moving the carriage and tripping the axle are controlled 
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Inclined runway (above) and short 
sections of hinged angle used in di- 
verting wheels to the desired scrap 
bins 


by one man from a station at the handwheel shown in 
the illustration. 

Scrap wheels and axles only are sent out of the shop, 
the others being moved by monorail to designated posi- 
tions within the shop where necessary conditioning opera- 
tions are performed to fit the wheels and axles for fur- 


ther service. With this method of handling, 100 pairs 
of wheels are dismounted and the scrap wheels and axles 
moved to appropriate scrap piles or bins by three men 
in eight hours. 





Taking three dimensional colored movies of the making of valves in 
the factory of the Hancock Valve Division of the Consolidated Ash- 
croft-Hancock Company—A method incorporating a number of the 
first experimental stereoscopic industrial shots in full color, made pos- 
sible by the employment of Polaroid glass, will be on exhibit at the 
New York Museum of Science and Industry for 


several months 
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Clubs and Associations 


PURCHASES AND SToREs Division, A. A. 
R.—The Purchases and Stores Division, 
Association of American Railroads, has se- 
lected June 21, 22 and 23 as the dates for 
its three-day annual meeting to be held at 
Atlantic City, N. J. Thus the sessions will 
coincide with the annual meeting ot the 
Mechanical Division, A.A.R., and the ex- 
hibit of the Railway Supply Manufacturers 
Association. 


MECHANICAL Division, A. A. R—Ac- 
cording to a recent circular regarding the 
annual meeting of the Association of 
American Railroads, Mechanical Division, 
which will be held in Atlantic City, N. J., 
June 16 to 23, inclusive, the reports of 
committees investigating locomotive mat- 
ters will be received and discussed 
Wednesday, Thursday and Friday, June 
16 to 18, inclusive, and reports of commit- 
tees investigating car matters will be re- 
ceived and discussed Monday, Tuesday and 
Wednesday, June 21 to 23, inclusive. 


CANADIAN Raritway CLus.—L. W. Wal- 
lace, director of the Equipment Research 
Division of the Association of American 
Railroads, will be the speaker at the meet- 
ing of the Canadian Railway Club at 8:15 
p.m. on March 8 at the Windsor Hotel, 
Mortreal. 


SOUTHERN AND SOUTHWESTERN RalIL- 
way CLus.—John M. Hall, chief inspector 
Bureau of Locomotive Inspection, Inter- 
state Commerce Commission, will remi- 
nisce on twenty-five years of federal in- 
spection of locomotives at the March 18 
meeting of the Southern and Southwestern 
Railway Club, which will be held at 10 
a.m. at the Ansley Hotel, Atlanta, Ga. 


New ENGLAND RarLroap CLus.—The 
annual meeting, election of officers, etc., 
of the New England Railroad Club will be 
held at the Hotel Touraine, Boston, Mass., 
on March 9, following dinner at 6:30 p.m. 
Following the business session the con- 
struction, etc., of the San Francisco-Oak- 
land Bay bridge will be shown in moving 
pictures. 


CenTRAL Rattway CLus or BUFFALO.— 
“Steel Castings in High-Speed Railroad- 
ing” will be the subject discussed by Wil- 
liam M. Sheehan, manager, eastern district 
sales, General Steel Castings Corporation, 
before the meeting of the Central Railway 
Club of Buffalo at 8 p.m. on March 11 at 
the Hotel Statler, Buffalo, N. Y. 


WEsTERN Rattway CLus.—The March 
17 meeting of the Western Railway Club 
will be Engineering Night. Following 
dinner at 7 p.m. in the Grand Ballroom of 
the Hotel LaSalle, Chicago, Dr. Arthur 
N. Talbot, professor emeritus of the Uni- 
versity of Illinois and chairman of the 
A.R.E.A. Special Committee on Stresses 
in Railroad Track, will discuss the Rela- 
tion between Track and Rolling Stock. 
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Among the 


Club Papers 


Notes on Locomotive Testing 
with a Glance at History 


Railway Club of Pittsburgh—Meet- 
ing held at Pittsburgh, Pa., December 
17, 1936. Subject, Notes on Loco- 
motive Testing with a Glance at history, 
by Lawford H. Fry, Railway Engineer, 
Edgewater Steel Company. Mr. Fry re- 
viewed early nineteenth century locomotive 
tests and test procedures and quoted con- 
temporary accounts of first runs made by 
early locomotives. The later portion of the 
paper deals mostly with test plants, giv- 
ing the background of the development of 
the plants, their location and some of the 
results obtained from their use. {f Mr. 
Fry stated that the steam locomotive has 
been the subject of tests for over 100 years 
but that there is still disagreement over 
many basic facts which could and should 
be settled by existing test data. As a mat- 
ter of background, the paper reviewed the 
history of George Stephenson’s “Rocket.” 
In discussing early American locomotive 
trials, Mr. Fry mentioned the trial run 
made by Horatio Allen on August 8, 1829, 
with the “Stourbridge Lion” at’ Hones- 
dale, Pa. Another historical locomotive 
trial was made with the “Best Friend” on 
the South Carolina Railway in December 
1830. This was the first locomotive built 
in America for actual service on a rail- 
road. Its designer was E. L. Miller of 
Charleston, South Carolina, who attended 
the trials on the Liverpool and Manches- 





A tourist train on a 30-in gage Austrian rail- 
road which penetrates about 40 miles into the 
winding valley of the Ybbs river 


ter Railway the year before. Mr. Fr 
mentioned “A Practical Treatise on Lp. 
comotive Engines,” a book published jy 
France in 1834 by Count F. M. G. } 
Pambour, who conducted a large number 
of locomotive tests and described them iy 
his book. Pambour made exhaustive pra. 
tical tests and measured train resistance 
studied the evaporative capacity of vari- 
ous locomotive boilers and set up formuls 
for computing the dimensions of a loco. 
motive for any given service. {| Since tha 
day there have been innumerable tests of 
locomotives on which locomotive design 
have been based. Mr. Fry did not attempt 
to give a complete and detailed history of 
locomotive testing. He pointed out that 
locomotive tests can be made by one of 
the following three methods: (1) Road 
tests with regular trains, (2) road tests 
at constant speed and cut-off, and (3) tests 
on a stationary locomotive testing plant, 
{| Discussing the first of these, Mr. Fry 
stated that road tests with regular trains 
are useful mainly to check the performance 
of a given locomotive. They serve to 
measure coal and water consumption, to 
examine the relation between train loads 
and timing, and to check tonnage-rating 
assignments. Because it is not usually pos- 
sible with these tests to obtain accurate in- 
formation regarding such individual proc- 
esses as combustion, steam production, and 
utilization of steam, Mr. Fry stated that 
they did not provide information necessary 
to make a scientific study of locomotive 
design. To obtain information for this 
purpose a locomotive must be run under 
constant conditions of speed and cut-off 
for a considerable length of time. These 
tests can be made on the road under spe- 
cial conditions, or at a locomotive testing 
plant. {/ Road tests of this type have been 
used rather successfully in Russia, France 
and Germany and are made with an auxil- 
iary locomotive used to pull or brake the 
test locomotive as needed. Also a further 
advance mentioned by Mr. Fry in this type 
of testing includes the use of a dynamo- 
meter car and a test train of one or more 
brake locomotives. Results obtained with 
this type of test are comparable with those 
obtained on a Stationary plant. { Discus- 
sing the locomotive testing plant, Mr. Fry 
called attention to the first large scale 
testing plant which was built by the Penn- 
sylvania Railroad and exhibited at the St 
Louis exhibition in 1904. He also dealt 
with the locomotive testing plants de- 
signed and erected by Dr. W. F. ™. 
Goss at Purdue University. The first 
plant was destroyed by fire in 1894. Tests 
on the second plant threw light on the 
factors limiting horsepower and rates 0! 
combustion which were not we!l under- 
stood befoie the test-plant results were 
available. Cylinder action was investigated, 
and work done on locomotive front-ends 
influenced American locomotive practice 
for many years. {| The author recalled 
that the locomotive testing plant set ¥? 
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at the University of Illinois in 1914 was 
the third to be built in this country. As 
a matter of historical record Mr. Fry 
mentioned the early crude plant built in 
Russia in 1896; the French plant at Vitry, 
built in 1933, which is used by the seven 
large railway systems of France, and two 
small American plants installed by the 
Chicago & North Western in 1894 and 
Columbia University in 1899, respectively, 
both of which were later abandoned. Mr. 
Fry also mentioned the German plant at 
Gruenewald, Germany, which was placed 
in operation in 1930. § Mr. Fry’s paper 
was discussed by Professor L. E. End- 
sley, who at one time was in charge of the 
Purdue locomotive testing plant. He dis- 
cussed the locomotive used at the plant, 
and researches made with it on front-ends 
and superheaters. {| Mr. Fry closed the 
discussion by referring to the number of 
diferent locomotive designs tried out in 
Europe. 




























DIRECTORY 


The following list gives names of secretaries, 
dates of next regular meetings, and Vine 4 of 
meetings of mechanical associations and railroad 
clubs: 

Am-BRaKE AssocraTIOnN.—T. L. Burton, care of 
Westinghouse Air Brake Gapany, 3400 
Empire State Building, New York. 

Attrep Rattway Supprty AssoctaTion.—F. W. 
Venton, Crane Company, Chicago. 

AmeRICAN RaAtLway Toot ForemMeEn’s AsSOCIA- 
tion. —G. G. Macina, 11402 Calumet avenue, 
Chicago. 

AwertcAn Society oF MECHANICAL ENGINEERS.— 
C. E. Davies, 29 West Thirty-ninth street, 
New York. 

RaItroAD Diviston.—Marion B. Richard- 
son, 21 Hazel avenue, Livingston, N. J. 

MacHINE SnHop Practice Division.—G. F. 
Nordenholt, 330 West Forty-second street, 



















New ork. 
Materrats Hanpitinc Division.—F. J. 
Shepard, Jr., Lewis-Shepard Co., Watertown 





Station, Boston, Mass. 
Orr anp Gas Power Drvision.—M. J. 
Reed, 2 West Forty-fifth street, New York. 








Fuets Drviston.—W. G. Christy, Depart- 
ment of Health Regulation, Court House, 
Jersey City, N. J. 






















lifting a streamline locomotive 
after it had been wheeled at the 
Dorchester works of the London & 
North Eastern Railway 
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ASSOCIATION OF AMERICAN RaIiLroaps.—J. M. 
Symes, vice-president operations and mainte- 
nance department, Transportation Building, 
Washington, D. C. 

Division I. — Opreratinc. — SaFety SEc- 
TION.—J. C. Caviston, 30 Vesey street, New 
York. 

Division ‘’.—MeEcHANICAL.—V. R. Haw- 
thorne, 59 East Van Buren street, Chicago. 
Noy convention, June 16-23, Atlantic City, 


CoMMITTEE ON ResearcH.—E. B. Hall, 
chairman, care of Chicago & North Western, 
Chicago. 

Division VI.—-PuRCHASES AND STORES.— 
W. J. Farrell, 30 Vesey street, New York. 
Annual meeting, June 21, 22 and 23, Atlan- 
tic City, N. J. 

Division VIII.—Mortor TransPport.—Car 
Service Division.—C. A. Buch, Transporta- 
tion Building, Washington, D. C. 

ASSOCIATION OF RatLway ELEcTRICAL ENGINEERS. 
—Jos. Andreucetti, C. & N. W., 1519 
Daily News Building, 400 West Madison 
street, Chicago, IIl. 

CanapvIAN Rattway Cius.—C. R. Crook, 2271 
Wilson avenue, Montreal, Que. Regular 
meetings, second Monday of each month, 
except in June, July and August, at Windsor 
Hotel, Montreal, Que. 

Car DEPARTMENT Orricers’ Assocration.—A, S. 
Sternberg, master car builder, Belt Railway 
of Chicago, 7926 South Morgan street, 
Chicago. 

Car Foremen’s AssocriaTION oF Cuicaco.—G. K. 
Oliver, 2514 West Fifty-fifth street, Chicago. 
Regular meetings, second Monday in each 
month, except June, July and August, La 
Salle Hotel, Chicago. 

Car ForEMEN’s AssociaTION OF OMAHA, COUNCIL 
Biurrs AND SoutH OMAHA INTERCHANGE.— 

. E. Moran, Chicago Great Western, Coun- 
cil Bluffs, la. Regular meetings, second 
Thursday of each month at 1:15 p. m. 

CentraL Rattway CLus or Burrato.—Mrs. M. 
D. Reed, Room 1817, Hotel Statler, Buffalo, 
N. Y. Regular meetings, second Thursday 
each month, except a. July and August, 
at Hotel Statler, Buffalo. 

Eastern Car ForemMen’s Association. —E, L. 
Brown, care of the Baltimore & Ohio, St. 
George, Staten Island, N. Y. Regular meet- 
ings, fourth Friday of each month, except 
June, July, August and September. 

INDIANAPOLIS Car INSPECTION ASSOCIATION. — 

Singleton, 822 Big Four Building, 
Indianapolis, Ind. Regular meetings, first 
Monday of each month, except July August 
and September, at Hotel Severin, Indianap- 
olis, at 7 p. m. 

INTERNATIONAL RatLway Fuet ASSOCIATION, — 
See Railway Fuel and Traveling Engineers’ 
Association. 

INTERNATIONAL Rattway GENERAL FoREMEN’s As- 
SOCIATION.—William Hall, 1061 West Wa- 
basha street, Winona, Minn. Next meeting, 
September 28 and 29, Hotel Sherman, Chi- 
cago, Il. 


INTERNATIONAL Raitway Master BLacKsMiTHS’ 
AssociaTion.—W. J. Mayer, Michigan Cen- 
tral, 2347 Clark avenue, Detroit, Mich. 

Master Borrer Makers’ Association.—A. F. 
Stiglmeier, secretary, 29 Parkwood street, 
Albany, N. Y. 

New_ Encitanp Rarrtroap Cius.—W. E. Cade, 
r., 683 Atlantic avenue, Boston, Mass. 

egular meetings, second Tuesday in each 
month, except June, July, August and Sep- 
tember, at Hotel Touraine, Boston. 

New York Raitroap CLus.—D. W. Pye, Room 
527, 30 Church street, New York. eetings, 
third Friday in each month, except June, 
July, August and September, at 29 est 
Thirty-ninth street, New York. 

NortHwest Car Men’s Association. —E, N. 
Myers, chief interchange inspector, Minne- 
sota Transfer Railway, St. Paul, Minn. 
Meetings, first Monday each month, except 

une, a and August, at Midway Club 
rooms, University and Prior avenue, St. Paul. 

Paciric Raitway CLus.—William S. Wollner, 

ox 3275, San Francisco, Cal. Regu- 
lar meetings, second Thursday of each month 
in San Francisco and Oakland, Cal., alter- 
nately—June in Los Angeles and October in 
Sacramento, 

Rattway Cius oF GrEENVILLE.—J. Howard 
Waite, 43 Chambers avenue, Greenville, Pa. 
Regular meetings, third Thursday in month, 
except June, July and August. 

Rartway CLus OF Prrrenuncn.—t. D. Conway, 
1941 Oliver Building, Pittsburgh, Pa. Regu- 
lar meetings, fourth Thursday in month, 
except June, July and August, Fort Pitt 
Hotel, Pittsburgh, Pa. 

Rarttway Fire Protection Assocration.—R. R. 
Hackett, Baltimore & Ohio, Baltimore, Md. 

Rattway Fuet AND TRAVELING ENGINEERS’ Asso- 
cIATION.—T. Duff Smith, 1255 Old Colony 
building, Chicago. Annual meeting, with ex- 
hibits, Hotel Sherman, Chicago, September 
28, 29, 30. 

Rattway Suprpty MANUFACTURERS’ ASSOCIATION. 
—J. D. Conway, 1941 Oliver a B Pitts- 
burgh, Pa. Meets with Mechanical Division 
and Purchases and Stores Division, Associa- 
tion of American Railroads. Exhibit June 
16 to 23, inclusive, Atlantic City, N. J. 

SoOuTHERN AND SOUTHWESTERN Rattway CLus.— 
. T. Miller, P. O. Box 1205, Atlanta, Ga. 
egular meetings, third Thursday in Janu- 

ary, March, May, July and September. An- 
nual meeting, third Thursday in November, 
Ansley Hotel, Atlanta, Ga. 

Toronto Raitway Crus.—R. H. Burgess, Box 8, 
Terminal A, Toronto, Ont. Meetings, fourth 
Monday of each month, except soa, July 
= August, at Royal York Hotel, Toronto, 

nt. 

TRAVELING ENGINEERS’ AsSOcIATION.—See Rail- 
way Fuel and Traveling Engineers’ Associa- 
tion. 

WEsTERN Raitway CLus.—C. L. Emerson, execu- 
tive secretary, 822 Straus Building, Chicago. 
Regular meetings, third Monday in each 
month, except June, July, August and Sep- 
tember. 
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The “Golden Eagle,” one of the locomotives which are to haul the Coronation express trains of the London & North Eastern between 
London and Edinburgh, lined up with two Silver Jubilee engines and a Pacific type locomotive during a demonstration 





Arch-Bar Truck Replacements 


In A letter to all freight car owners 
dated February 6, and pertaining to trans- 
portation hazards due to arch-bar truck 
failures, the secretary of the A. A. R. 
Mechanical Division included a statement 
showing the extent of compliance with 
Interchange Rule 3, Sec. (t), Par. (4), 
which provides that arch-bar trucks will 
not be accepted in interchange after Janu- 
ary 1, 1938. This statement indicates that 
on December 31, 1936, 487,203 cars, or 
22.2 per cent of railroad and private freight 
cars, were equipped with arch-bar trucks. 
The total number of car owners involved 
is 385 and the total interchange freight 
equipment owned or controlled, 2,198,365 





number of interchange freight cars 
equipped with arch-bar trucks expected to 
be in service as of June 30, 1937, is 387,643. 

One of the accompanying tables shows 
how the percentage of cars with arch-bar 
trucks has decreased each year from 44.2 
per cent in 1929 to 22.2 per cent in 1936. 
The other table shows the number and per- 
centage of railroad and private cars in 
interchange service equipped with cast-steel 
side frames, as compared to arch-bar 
trucks, as of December 31, 1936. 


British Equipment Programs 


BritTisH railways have authorized the 
construction during 1937 of 532 locomo- 
tives, 2,000 passenger-train cars and 34,000 





total are 17 of streamline design, being 
constructed by the London & North East- 
ern to haul its new “Coronation” stream- 
line trains between London and Edinburgh. 
Names of birds are to be given to these 
new locomotives, the first five being “Gold- 
en Eagle,” “Falcon,” “Merlin,” “King- 
fisher” and “Kestrel.” 


Streamliner Derailed 


Two cars of the streamliner “City of 
Denver” of the Union Pacific-Chicago & 
North Western were derailed on February 
8 when an axle broke near Orchard, Colo 
After the accident the train continued to 
Denver, and, on the following day, made 
its trip to Chicago without the derailed 








cars. The report showed that the total freight cars. Included in the locomotive (Continued on next left-hand page) 
Comparative Yearly Statement of Railroad and Private Freight Cars Equipped with Arch Bar Trucks 

Dec. 31, Dec. 31 Dec. 31, Dec. 31, Dec. 31, June 30, Dec. 31 une 30 Dec. 31 une 30 Dec. 31 

1929 1930 ' 1931 ° 1932 1933 1934 3a” T1955" 1935” . 1936 1936 
Total number of car owners ... 456 429 425 426 415 415 413 415 401 392 385 
Total number of cars ........ 2,823,613 2,835,881 2,757,049 2,677,441 2,545,625 2,485,241 2,410,723 2,352,958 2,281,214 2,226,886 2,198,365 
Cars with arch bar trucks .... 1,248,530 1,156,058 1,065,674 1,000,654 902,357 (848,354 °782.464 734.799 664.676 589.445 487,203 
Percentage with arch bar trucks 44.2 40.8 38.7 37.4 35.4 34.1 32.5 31.2 29.1 26.5 22.2 








—— 





Recapitulation of Number and Percentage of Railroad and Private Cars in Interchange Service Equipped with Cast Steel 
Side Frames as Compared to Arch Bar Trucks, as of December 31, 1936 


Number, 

Per cent of R.R. Total 
cars equipped or cars 
with side frames P.C.L. owned 

eka eh wee ts 65 98,085 
 & ye Rees 122 1,344,913 
aS . Saree 79 455,315 
Sig “Si Saree 87 294,993 
(eas 32 5,059 
A 2,198,365 


















2 - Cars equipped with Decrease in AB No. cars with AB 
Cars equipped with arch bars truck ownership trucks expected 
side frames c ~— — between 6-30-36 to be in service 
rc A ‘ Number cars Per cent and 12-31-36 as of 6-30-37 
Number cars Per cent 0 0.0 55 0 
98,085 100.0 137,324 10.2 41,405 100,367 
1,207,589 89.8 152,504 33.5 41,476 108,098 
302,811 66.5 192,316 65.2 18,465 173,929 
preci —_ 5,059 100.0 343 4,749 
ae — 487,203 22.2 242 387,643 
1,711,162 77.8 cia 
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cars, an observation car and a sleeping car. 
At Chicago the newly constructed cars of 
the Pullman Company, the “Advance” and 
the “Forward,” were added to the consist 
of the “City of Denver” and were used 
until a new axle had been placed in the 
truck of the derailed cars on February 10. 


P. R. R. Program for Eliminating 
Arch-Bar Trucks 


Tue Pennsylvania's program for in- 
stalling cast-steel side frames on its freight 
cars which are now equipped with arch- 
bar trucks is proceeding at a rate which 
will assure its completion by the end of 
this year. Thus, the Pennsylvania will 
have no freight cars equipped with arch- 
bar trucks on January 1, 1938, the date on 
which the Association of America Rail- 
roads’ rule barring such cars from inter- 
change becomes effective. The Pennsyl- 
vania’s program involves the replacement of 
trucks under 185,000 cars. 


Reverse-Gear Order Proposed to 
I. C. C. 


THE principal railroads and the brother- 
hoods representing their engine employees 
reached an agreement on November 20 on 
a plan for the equipment of locomotives 
with power reverse gears. This contem- 
plated the dismissal of the complaint which 
had been filed by the brotherhoods with 
the Interstate Commerce Commission, but 
W. P. Bartel, director of the commission’s 
Bureau of Service, and H. C. King, spe- 
cial examiner, have recommended in a pro- 
posed report that the commission retain 
control of the subject by issuing an order 
requiring the roads to equip their lever- 
operated manual-reverse-gear-type locomo- 
tives of the classes and weights specified 
in the agreement (road engines weighing 
150,000 Ib. or more on drivers and switch- 
ing engines weighing 130,000 lb. or more 
on drivers) with a suitable type of power- 
operated reverse gear, 

The report says that as of August 1, 
1935, it was shown that 27,587, or 58 per 
cent, of the locomotives owned by the Class 
I railroads were equipped with power re- 
verse gear but that “we have no means 
of determining the total cost to the rail- 
roads of equipping the locomotives not 
now operated with power reverse gear with 
that device.” The railroads had given an 
estimate of $4,630,165 for 11,247 locomo- 
tives at $411.68 per locomotive, while the 
complainants had given an estimate of 
$2,643,045 for a cheaper type of gear. 

In enjoining the previous order, held in- 
valid because of the absence of the basic 
or essential findings as to whether the 
use of manual reverse gear as compared 
with power reverse gear “causes unneces- 
sary peril to life or limb,” the district 
court had found that the commission had 
failed to consider evidence as to the rail- 
roads’ financial condition, so the proposed 
report considers it and reaches the conclu- 
sion that “no undue burden should be im- 
posed on any railroad but that the record 
clearly indicates the desirability of equip- 
ping most of the locomotives operating 
under present-day conditions with modern 
reversing gear. In the long run power 
reverse gear is economical.” 

(Turn to next left-hand page) 
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Road No. of locos. Type of loco. 
ls: MEG Kiahetetanddpeoseeae 30! 4-6-4 
20 =F -:l-a 
A OD ae re ee ee ere 8? 4-6-4 
AS 3p ere per 6 Diesel-elec. 
Mich. Limestone Co. ...ccccece 2 600-hp. Diesel 
switchers 
Pere Marquette cccccccscccces 15 -8-4 
11 Tenders® 
Pickands, Mather & Co ........ 1 0-8-0 
Santa Barbara-Vigia 
CUED. watt c sc vecicen cian 1 2-4-4 tank 
Locomotive INQUIRIES 
Roberval. & Saguenay ......... 1 2-8-2 
FreicgHt Car Orpers 
Road No. of cars Type of cars 
es AIUUEE sn 4 ash ets GAS o aie, esha eaten 1,000 Box 
300 Gondola 
175 Refrigerator 
15 Snow plows 
1,000 Box 
1,000 Box 
58 Fiat 
125 Refrigerator 
RS MEE ka waia ao hacs wasn alelas 1,900  40-ton box 
1,100 40-ton box 
300 50-ton hopper 
200 50-ton gondola 
100 75-ton gondola 
INI 54.5. dibicese taka nae svat 600 50-ton hopper 
250 ~° 50-ton = 
250 50-ton box 
Rig Re Rs alata sececbelewoeierewteiennys 100 Hopper 
100 Gondola 
Oe, We ae esapuat Searcmoacane 150 50-ton Rodger 
ballast 
Se ee 500 Box 
500 Box 
500 Gondolas 
PE VOID in. :0:050.5.0:019: 00.00 20 Caboose 
Louisville & Nashville ......... 300 Maxend Hart 
Selective ballast 
27 ~=50-ton Hart Selective 
ballast 
500 Hopper 
500 Hopper 
500 Hopper 
400 Hopper 
; 800 Hopper 
Louisiana & Arkansas ......... 100 Box 
REDPEEY Sic.ie utile eins 0 Sins 4/6Guasore' oie 500 Gondolas 
500 Stock 
100 -40-ton auto. 
125 . 50-ton auto. 
254 50-ton auto. 
SE NE sos. Kid reseed tote 3-435, 0%o bee 500 55-ton twin hopper 
1,000 50-ton box 
700 50-ton gondolas 
25 Caboose 
300 8 50-ton flat 
ES Oe Ferree 50 Box 
‘eG Sa SRS ey ae aren 500 Box 
Phelps Dodge Corp. .........:. 30 30 cu. yd. dump 
Freicut-Car Inguiries 
Central of Brazil. fo:.6.0.6. 5 ie sci 350 55-ton Gondola 
150 55-ton box 
250 28-ton gondola 
150 20-ton box 
100 =Flat 
We ec EE. ica vane Lab cme cents 500 50-ton box 
200 50-ton auto. 
100 50-ton auto. with racks 
Grand Trunk Western ........ 200 40-ton refrigerator 
200 50-ton auto. 
Newburgh & South Shore ...... 100 50-ton gondolas 
PassENGER-CAR ORDERS 
Road Type of car No. of cars 
RN eee a ei cie Seek Sia Seine 3 Comb. pass. & bagg. 
ie Ne! See ee eer eer 45 Coaches 
25 Coach-dinette 
ri reams 20 40-ton bagg-exp. 
OU sg ack Sessa ie wae aloaly baie ea wi 25 Chair 
3 Dining 
1 Lounge 
SE I oink 5a ne bh ates wom 41° Pass, 
PassENGER-Car INQUIRIES 
PNR enna paebebains ah eo eer ead 80 Milk 


New Equipment Orders and Inquiries Announced Since 
the Closing of the February Issue 


Locomotive OrpDERS 


locomotives will be equipped with boosters. 


2? Purchase authorized by district court at Chicago. 


Builder 
Montreal Loco Wks. 
Canadian Loco. Co. 
American Loco Co. 
Electro-Motive Corp. 


American Loco £o. 
Lima Loco. Wks. 

American Loco. Co. 
Baldwin Loco. Wks. 


Baldwin Loco. Wks. 


re 


Builder 


ome Car Co., Ltd. 


National Steel Car Corp. 
Canadian Car & Fdry. Co. 


Co. shops at Transcona, Man. 
Canadian Car & Fdry Co. 


National Steel Car Corp. 


} American Car & Fdry. Co. 
Greenville Steel Car Co. 
} Pullman-Std. Car Mfg. Co. 


American Car & Fdry. Co. 
American Car & Fdry. Co. 
Pullman-Std. Car Mfg. Co. 
Pressed Steel Car Co. 
Company shops 


American Car & Fdry. Co. 


Bethlehem Steel Co. 

Mt. Vernon Car Mfg. Co. 
Pressed Steel Car Co. 
Pullman-Std. Car Mfg. Co. 
Pullman-Std. Car Mfg. Co. 


Company shops 


American Car & Fdry. Co. 


American Car & Fdry. Co. 
Mt. Vernon Car Mfg. Co. 
Pressed Steel Car Co. 
Magor Car Corp. 
Company shops 

Pressed Steel Car Co. 
Pullman-Std. Car Mfg. Co. 
Differential Steel Car Co. 


ee ee ee 
er ee 





eee eee crcccssrosecescssessseree% 


Builder 
Bethlehem Steel Co. 
Edward G. Budd Mfg. ©. 
American Car & Fdry. Co. 


American Car & Fdry. Co 


Pullman-Std. Car Mfg. Co. 


1 These locomotives will have 275-Ib. boiler pressure, and 45,000-lb. tractive force; five of the 


The locomotives are to be designed to haul 


14 to 16 cars of standard weight at 120 m.p.h. Two will be used on.the “400% between Chicago and 
the Twin Cities, and six on through trains between Chicago and Omaha. 
® Each tender will have a capacity of 22 tons of coal and 22,000 gallons of water. 
*To be equipped with end doors. = 
® The 4 coaches will be used with conventional equipment operated on the “Fort Worth & Den ie 


City” between Denver, Colo. 
in the “Twin Cities Zeph 
® These cars are in a 





», Fort Worth, Tex., and Dallas. The 2 coach-dinette cars will be us 


Ts. ; 
ddition to the 24 ordered last year for use in the new  & trains. of 
the 41 cars, 25 are for general service and 16 are for the Sunbeam of the Texas & 


‘ew Orleans. 
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You wouldn’t 


INTENTIONALLY 





court failure 








You don't take any chances in your automobile repair work— unless you 
have to. » » » When things wear, as they must in time, back to the seller 
you go for repairs. » » » In your locomotive replacement work, it is even 
more important that you use genuine replacement parts—in case of failure 
you can’t just pull to the side of the road and get towed home—you hold 
up the railroad. » » » Genuine Franklin Replacement Parts for Franklin 
devices safeguard against expensive failure—but they also actually 


cost less per 1,000 engine miles, and save a lot of delay and headaches. 


o haul 
go and 


Denver 
e used 


NEW YORK 


FRANKLIN RAILWAY SUPPLY CO., inc. 
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Type AB Brake Installations 


Unper date of January 30, 1937, the 
secretary of the Mechanical Division, 
A. A. R., issued to all car owners the 
usual fourth quarterly statement showing 
the number of freight cars on which brake 
equipment has been converted to comply 
with the specifications for freight car air 





Munther Of COL CWHOTE 606.66 ce ceserdeccecrceeas 


Railroad Private Cars Equipped with Type AB Air Brakes—Report 
for Quarter Ending December 31, 1936 





ee ee ee ee 


Number of interchange freight cars owned as of December 31, 1936 ........... 0c cues 2,200,303 
Number of new interchange freight cars acquired during the quarter ................. 19,472 
Number of interchange freight cars converted during the quarter ...........0..0eeeeus 3,676 
Number of cars equipped with AB brakes as of September 30, 1936 ..............0... 86,762 
Number of cars equipped with AB brakes as of December 31, 1936 ................4.. 109,796 
Number of units retired, destroyed or otherwise disposed of during the quarter ........ 37,175 
Percentage of interchange freight cars equipped with AB brakes as of December 31, 1936. 4,99 











Comparative Quarterly Statement of Railroad and Private Cars Equipped 
with Type AB Air Brakes 





Mar. 31, June 30, Sept. 3 Dec. 31, Mar. 31, June 30, Sept. 30, Dec. 31, 
1935 "4935 193 1935 1936 1936 1936 1936 

Total car owners .... 351 394 422 420 416 416 411 401 

Int. frt. cars owned. .2,337.716 2,338,480 2,330,021 2,283,681 2,242,691 2,230,506 2,219,775 2,200,303 

Cars with AB brakes. 27.571 31,546 35,920 46,842 53,499 66,361 86,763 109,796 
Per cent with AB 

brakes dante, ass 1.18 1.35 1.54 2.05 2.39 2.98 3.91 4.99 

Tue Pressen Steet Car Company, the Unitcast Company, with headquarters 


Inc., has moved its New York office from 
80 Broad street to 230 Park avenue. 


R. D. BaArtTieEtTT, assistant to the presi- 
dei of the Chicago Railway Equipment 
Company, Chicago, has been promoted to 
vice-president in charge of manufacture. 


THE WESTINGHOUSE ELeEctric & MANU- 
FACTURING CoMPANY, about May 1, will 
move its Pittsburgh, Pa., office and some 
of its general offices now located at East 
Pittsburgh, to the Union National Bank 
building in Pittsburgh. 


CLeoN M. HANNAFoRD, who has been 
appointed sales engineer, western territory, 
of the Wine Railway Appliance Company, 
as noted in the January 9 issue of the 
Railway Age, page 133, was born in Marl- 
boro, N. H., on March 6, 1891. In 1913 





Cleon M. Hannaford 


he .became a blue-print operator in the 
employ of the Boston & Albany, later serv- 
ing as tracer and then draftsman in the 
mechanical department. On January 1, 
1917, he became a draftsman in the me- 
chanical department of the Chesapeake & 
Ohio at Richmond, Va., resigning in 1922 
to enter the railway supply business as 
president of the Car Devices Company, 
Inc., at Richmond. Mr. Hannaford is now 
sales engineer, western territory, of the 
Wine Railway Appliance Company and 
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at Toledo, Ohio. 


Muscoe Burnett, Jr., assistant sales 
manager of The Oxweld Railroad Serv- 
ice Company, Chicago, has been appointed 
sales manager. Mr. Burnett was born at 
Paducah, Ky., and was educated at the 





Muscoe Burnett, Jr. 


University of Virginia. Since leaving col- 
lege in 1920, he has been associated con- 
tinuously with various units of the Union 
Carbide & Carbon Corporation, of which 
The Oxweld Railroad Service Company is 
one. His first connection in 1920 was with 
The Oxweld Acetylene Company. Four 
years later he was transferred to the ex- 
port department of the Union Carbide 
Company, later going to the Linde Air 
Products Company as assistant division 
manager at Chicago. He held the latter 
position until October, 1935, when he was 
appointed assistant sales manager of The 
Oxweld Railroad Service Company. 


DANIEL J. SAUNDERS has been appointed 
manager of railway and industrial sales of 
the Permutit Company with headquarters 
at its main office in New York City. 


G. O. HauskKINs nas entered the em- 
ploy of the Peerless Equipment Company, 
assigned to the sales department, in its 
New York office. Mr. Hauskins was for- 
merly with the Mt. Vernon Car Mfg. Co. 






brakes, adopted in 1933. One of the tables 
indicates that 109,796 railroad and private 
cars were equipped with Type AB brakes 
as of December 31, 1936, this being 4,99 
per cent of all interchange freight cars, 
The other table shows how this percentage 
has increased each quarter since March 
31, 1935, when it was 1.18 per cent. 





Obituary 


Henry E. SHELDON, president and 
founder of the Allegheny Steel Company, 
Brackenbridge, Pa., died at his home in 
Pittsburgh, Pa., on February 10, at the 
age of 75 years. In 1932, Mr. Sheldon an- 
nounced a new metallurgical development 
permitting ordinary carbon steel to be clad 
with stainless steel. 


Epwarp M. Sexton, railroad sales man- 
ager of Air Reduction Sales Company, 
died on February 15, in New York, after 
an illness of several weeks. He was 56 
years old. Mr. Sexton was born on Staten 
Island, N. Y., and was educated in the 
public schools there. Previous to his con- 
nection with Air Reduction, he was in the 
sales department of Holt & Co., flour mer- 
chants, and the Western Electric Company, 
which he represented in Chicago and Den- 
ver, Colo. He began his career with Air 
Reduction as a salesman in the New York 
metropolitan district in 1916. Later he was 
appointed manager of the Chicago district, 





~ 


Edward M. Sexton 


and from this position was transferred 
back to New York as manager of the 
metropolitan district. When in 1°22 the 
Davis-Bournonville Company’s ?p' rsonnel 
was merged with that of Air Re«luctiom, 
he was selected to manage the railroad 
sales department at New York. 

(Turn to next left-hand pag: 
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SINEWS FOR 


Ir THE service is tough — so are Moly irons and steels. 
Take slush pumps in the oil fields . . . driven con- 
tinuously and operating under severe conditions. 

Since no pump is better than its parts, many pump 
builders use Moly irons and steels for the vital parts 
... because they have proved their capacity to 
withstand the toughest going. 

One manufacturer, for example, uses carburized 
Nickel-Moly (SAE 4615) for pump cylinders. It was 
selected primarily because it takes a case imper- 
vious to the abrasion of well cuttings; and pressure 
is always constant. Minimum distortion from heat- 
treating was also a factor. ... Just one of many cases 
where Moly steel or iron has settled a difficult prob- 


MECHANICAL 


ENGINEER 





SERVICE 


lem — to the mutual advantage of the manufacturer 
and the user of the product. From either standpoint. 
Moly steels and irons will prove well worth their 
investigation. 

Our technical books, “Molybdenum in Steel” and 
“Molybdenum in Cast Iron,” will be found of unusual 
interest to engineering and production heads in any 
industry using or producing ferrous products. A 
simple request brings either or both — and, if desired, 
puts your name on “The Moly Matrix” monthly mail- 
ing list. Our experimental laboratory facilities are 
available for the study of any special problem in 
alloy steel or iron. Climax Molybdenum Company, 
500 Fifth Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM. CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


or, 28 Tp oe 











General 


A. C. MELANsOoN, who has been ap- 
pointed superintendent of motive power 
and car equipment of the Quebec district 
of the Canadian National, with headquar- 
ters at Quebec, Que., as noted in the Feb- 
ruary issue of the Railway Mechanical En- 





A. C. Melanson 


gineer, entered railway service in April, 
1911, at Moncton, N. B., as a machinist 
apprentice. Subsequently he was appointed 
tracer and then draftsman. In May, 1919, 
he was transferred in the latter capacity 
to Toronto, Ont., and in January, 1922, 
became material inspector. He was trans- 
ferred as material inspector to Montreal, 
Que., in July of the following year and a 
year later to Stratford, Ont. In April, 
1924, he was appointed superintendent of 
the St. Malo shops at Quebec. 


GrorcE S. WEsT, superintendent of the 
Pittsburgh division of the Pennsylvania, 
has been appointed general superintendent 
of the Southwestern division, with head- 
quarters at Indianapolis, Ind. Mr. West 
was born at Altoona, Pa., on June 23, 
1893, and was graduated from Pennsyl- 
vania State College in 1917, with the de- 
gree of Bachelor of Science, Railroad 
Mechanical Engineering. He entered the 
service of the Pennsylvania on June 14, 
1909, as a laborer on the Buffalo division, 
working in this capacity during the sum- 
mers of 1909, 1910 and 1911. After en- 
tering the service permanently in 1912, he 
served successively as helper, car repair- 
man, blacksmith helper, draftsman, and 






147 


Personal Mention 


machinist, and on April 16, 1920, he be- 
came motive-power inspector. On No- 
vember 1 of the same year he was ap- 
pointed assistant road foreman of engines 
at Philadelphia and on February 15, 1923, 
became assistant master mechanic at New 
York. On November 1 of that year he 
was appointed assistant engineer of mo- 
tive power of the Central Pennsylvania di- 
vision and on June 16, 1929, became mas- 
ter mechanic at Buffalo, being transferred 





George S. West 


to the Philadelphia Terminal division on 
March 1, 1930. Mr. West was appointed 
superintendent of the Monongahela divi- 
sion on November 1, 1931; superintendent 
of the Erie and Ashtabula division on 
September 16, 1932; superintendent of the 
Maryland division on July 1, 1933, and 
superintendent of the Pittsburgh division 
on April 1, 1935. 


Master Mechanics and 
Road Foremen 


D. M. SmirtH, division master of the 
Canadian Pacific at Edmonton, Alta., has 
been transferred to Winnipeg, Man., to 
succeed G. Moth, division master mechanic 
at that point, who has retired. 


J. W. McKinnon, division master me- 
chanic of the Canadian Pacific at Calgary, 
Alta., has been transferred to Edmonton, 
Alta., to succeed D. M. Smith as division 
master mechanic at that point. 


W. D. Dicxrr, general foreman, mc- 
tive power and car department, of the 


Canadian Pacific, at Moose Jaw, Sask., 
ee ee 


The yard and shops of the Norfolk & Western at Portsmouth, Ohio, when the Ohio River was at the 68-ft. stage—It later rose to about 75 ft. 





has been appointed division master me- 
chanic, with headquarters at Calgary, Alta, 
to succeed’ J. W. McKinnon. 


Car Department 


W. A. Hotcoms, gang leader in the car 
department of the Norfolk & Western at 
Bluefield, W. Va., has become gang fore- 
man, succeeding Frank Spencer, deceased, 


Shop and Enginehouse 


J. H. Evans, a blacksmith in the shops 
of the Norfolk & Western at Roanoke. 
Va., has become assistant foreman, suc- 
ceeding C. E. Pond. 


H. J. SAuTEr, assistant foreman in the 
machine shop of the, Norfolk & Western 
at Portsmouth, Ohio, has become assistant 
machine-shop foreman, succéeding J. G. 
Smith. 


J. G. Smiru, assistant machine-shop 
foreman of the Norfolk & Western at 
Portsmouth, Ohio, has been promoted to 
the position of machine-shop foreman, suc- 
ceeding J. H. Hahn. 


J. H. Hawn, machine-shop foreman of 
the Norfolk & Western at Portsmouth, 
Ohio, has become back-shop foreman at 
Portsmouth, succeeding E. C. Goetz, de- 
ceased. 


C. E. Ponp, assistant foreman at the 
Roanoke, Va., shops of the Norfolk & 
Western, has become assistant blacksmith 
shop foreman, succeeding W. H. Noell, 
retired. 


G. S. DeArMoNpD, a machinist in the 
shops of the Norfolk & Western at Ports- 
mouth, Ohio, has become assistant fore- 
man in the machine shop, succeeding H. 
J. Sauter. 


Purchasing and Stores 


C. F. McNEAL, local storekeeper of the 
Northern Pacific at Auburn, Wash., has 
been appointed division storekeeper at 
Glendive, Mont., to succeed R. G. Becker. 


R. G. Becker, division storekeeper of 
the Northern Pacific at Glendive, Mont. 
has been appointed district storekeeper at 
the Como store, St. Paul, Minn., to suc- 
ceed A. C. Johnson. 


(Turn to next left-hand pagc) 
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Type 4 clamp for hopper car 
side application. 


T-Z Pipe Clamps 


The long bearing surface prevents 
breakage and pipe wear as well as 
longitudinal movement and pipe 
vibration. The firmly clamped piping 
prevents connection failures whic 
minimizes leaking air lines resulting 
in more efficient operation of the air 
brake system. 


The clamps eliminate the use of angle 
irons, U bolts and nuts, and are 

economically applied and maintained. 
hey are efficient and inexpensive. 


T-Z brake step 


applied to a car. 
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ar Specialties 


Type 3 clamp for box and other 
types of cars. 


T-Z Patented Safety Tread Brake Step 


Raised and depressed nibs produced 
by a modern method of punching the 
tread provides a special drainage fea- 
ture and assures secure footing in any 
direction under all weather conditions. 
No metal is cut away which makes the 
T-Z tread much stronger than the 
ordinary steel brake step. 


The steps are made, as requested, from 
No. 10 U. S. S. gage open-hearth or 
copper-bearing steel. 
applied to all types of freight cars in 


accordance to A.A.R. specifications. 


310 S. MICHIGAN AVENUE 


a 


hey can be 


38 


Air brake retaining valve bracket. 





Retaining Valve Bracket 


It can be permanently attached to any 
type of car end with either rivets or 
bolts. The retaining valve may be 
applied or removed from the outside 
of the car. 


The slots eliminate the necessity for 
accuracy in cutting to length the con- 
necting pipe. 


It is a time and money saver should 
any trouble occur with either the 
retaining valve or pipe leading to it. 










T.Z.RAILWAY EQUIPMENT CO. Inc. 


CHICAGO, ILL. 

















Davin McK. Foro, assistant to the vice- 
president, purchases and stores, Canadian 
National, has been appointed general pur- 
chasing agent for the system. Mr. Ford 
was born in Glasgow, Scotland, and first 
entered railway service with the North 
British Railway in 1900 as a clerk in the 
general goods manager’s office. Three 
years later he became associated with the 
Caledonian Railway as a clerk in the dis- 
trict superintendent’s office. In April, 1905, 
he went to Canada and entered the em- 
ploy of the Canadian Northern at Toronto, 
as a clerk, but in July of the same year 
he left to accept a position as chief clerk 
in the operating and accounting department 
of the Halifax & Yarmouth at Yarmouth, 
N. S. In December, 1905, he went to the 
Halifax & South Western as chief clerk 





Copies of trade _ publications 
described in the column can 
be obtained by writing to the 
manufacturers. State the name 
and number of the bulletin or 
catalog desired, when § men- 
tioned in the description. 


INDUSTRIAL Packincs. — The United 
States Rubber Products, Inc., 1790 Broad- 
way, New York, has issued a 112-page 
manual on the subject of industrial pack- 
ings for use by engineers and executives 
in the railway, automotive, marine and 
aviation fields. 


WELpING.—“The Welding of Wrought 
Iron” is the title of the service bulletin is- 
sued by the A. M. Byers Company, Pitts- 
burgh; Pa. 


RiveTING ALUMINUM.—The Aluminum 
Company of Anjerica, Pittsburgh, Pa., 
has issued a revised copy of its booklet 
on. The Riveting of Aluminum and Its 
Alloys. The booklet contains 36 pages. 


MetraLayveR.—“Railroad uses for Meta- 
LayeR” is the subject of the pocket size, 
-six-page folder No. 1207 issued by the 
Metals Coating Company of America, 495 
North Third street, Philadelphia, Pa. 


Trade Publications 


in the auditing and accounting department, 
with headquarters at Bridgewater, N. S. 
In July, 1910, he returned to the Canadian 
Northern Express Company as auditor and 
cashier at Quebec and in February, 1916, 
was appointed auditor, Quebec lines of the 
Canadian Northern. Mr. Ford was ap- 
pointed accountant, eastern lands depart- 
ment of the Canadian National, in Septem- 
ber, 1916, and in November, 1918, became 
chief clerk in the president’s office, C. N. R. 
and Canadian Government Merchant Ma- 
rine, which position he held until 1922, 
when he was appointed office assistant to 
the president. Upon the formation of the 
present Canadian National in 1923, Mr. 
Ford became assistant to the director of 
purchases and supplies and in 1924 assistant 
to vice-president of purchases and stores. 





PRroTEcTIVE CQaTINGc.— The Dampney 
Company of America, 1243 River Road, 
Hyde Park, Boston, Mass., has revised its 
eight-page bulletin describing a protective 
coating for locomotive, steamship and sta- 
tionary boilers. 


Bo.tt HEADING AND ForGinGc MACHINES. 
—Bulletin 64 of the Ajax Manufacturing 
Company, Cleveland, Ohio, is devoted to 
an illustrated description of Air-Clutch 
operated bolt-heading and forging machines 
and their construction. 


Meta Patnt.—“Koppax, Black Paint,” 
issued by the Koppers Products Company, 
Pittsburgh, Pa., contains instructions for 
the painting of metal surfaces of many 
kinds, including locomotive front ends and 
fireboxes and railroad bridges. Koppax is 
a water-resistant, heat-resistant and cor- 
rosion-resistant material. 


Pipe Repair CLAMpPs.—Under the title 
“Repair Clamps and Saddles for Steel and 
Cast-Iron Pipes” the M. B. Skinner Com- 
pany, South Bend, Ind., has issued catalog 
No. 36 containing illustrations and infor- 
mation regarding the methods of repair- 
ing pipe-line leaks in shop, terminal or 
power-plant air lines, fuel lines, high- 
pressure steam lines, etc. 


* * * 


Illinois Central Mikado-type locomotive at modern equipped enginehouse, Markham, Iil. 


GIsHOLT STANDARD Toots.—The Gisholt 
Machine Co., Madison, Wis., illustrates 
an extensive line of standard tools and 
holding devices in its 38-page catalog. 
These tools are adapted to a wide range of 
work on No. 3, 4 and 5 ram type universal 
turret lathes and on other types of Gisholt 
turret lathes. 


Contour SAvinGc.—A treatise on a proc- 
ess of metal cutting, known as Contour 
Sawing, has been issued by Continental 
Machine Specialties, 1301 Washington ave- 
nue, South, Minneapolis, Minn. The book 
gives a history of band sawing and band 
filing and discusses the saws and operating 
technique for this field. 


GRILLES AND REGISTERS.—Catalog 37T 
of the Hart & Cooley Manufacturing Co,, 
61 W. Kinzie street, Chicago, is devoted 
to a line of H & C grilles and registers 
developed especially for use in the air con- 
ditioning of railroad equipment. All draw- 
ings are listed in numerical sequence, with 
a footnote at the bottom of each giy- 
ing information regarding the application 
of the item. 


THE SUPERHEATER.—A series of discus- 
sions on the superheater as a factor in lo- 
comotive design is being issued by The 
Superheater Company, 60 East Forty-Sec- 
ond street, New York, in the form of a 
bulletin entitled “More Power to You.” The 
bulletin consists of a series of Railway Age 
advertisements which briefly present the ad- 
vantages of high superheated steam tem- 
peratures. 


WELDING WIRE AND EQuIPMENT.—An 
attractive loose-leaf binder, issued by the 
Hollup Corporation, Chicago, describes 
Flexarc welding machines, Hollup acces- 
sories, and various Sureweld coated rods 
used for welding operations in general in- 
dustry, as well as by the railroads in the 
construction of light-weight streamline 
cars, welded hopper cars, etc. The latest 
specifications of the American Welding 
Society as regards materials and physical 
tests are quoted, also S.A.E. specifications 
for various types of steels. 
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